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THE INTERNATIONAL EXHIBITION OF 1876. 
No. 31. 
THE STOW FLEXIBLE SHAFT. 


At Section D 68, Machinery Hall, has been on exhibition 
one of those simple contrivances constituting a considerable 
improvement in the arta, such as is often met with, only to 
give rise to the thought or query in a thoughtful or inven- 
tive mind; Why has no one thought of or applied this prin- 
ciple before? The thing appears so perfectly obvious, as a 
device to which a mechanic would naturally resort to effect 
the purpose which it subserves, that one seems almost justi- 
fied in entertaining a species of anger at the stupidity of 
mechanical man for his not having brought this principle | 
into aviversal use centuries ago. It would not be saying too 
much to pronounce this device one of the best of utilitarian 
inventions which has been produced for many years. There 
is no end to the number of operations in which it may be ad- 
vantageously used, while it is simple, cheap, and durable. 

The merest novice in practical mechanics will comprehend 
at a thought, that to be able to transmit power in any desired 
direction, or to any moderate distance desired, or to be able 
to change the direction at will, isa great convenience; and 
there are few objecis in mechanics upon which more effort 
and money has been expended than in bevel-gear wheels, 
universal joints, and other well-known devices for effecting a 
change in the direction through which motion or power is 
transmitted ; and very few of these have possessed the quality 
of mobility such as attaches to the instrument which forms | 
the subject of this letter. } 

It is simply a flexible shaft, which is at once capable of 
transmitting power to any desired extent, from a motor to an 
object to be moved, and in any direction at will, either while 
in motion or at rest. Possessing such qualities, it is applica- 
bie to a very great range of purposes, among which may be 
m-ntioned: drilling, cutting, and otherwise manipulating 
heavy metal or other structures such as cannot be themselves 
conveniently moved from place to place, so as to be brought 
under the action of stationary power apparatus ; drilling large 
castings, planing small members upon them by furnishing 
power to the small portable planer: such as have heretofore 
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form of it, and of course it can be varied as to the character of 
the attachments at either end to suit the kinds of work 
expected of it. Messrs. Stow & Burnham, the proprietors, 
make a specialty of furnishing the various forms of attach- 


ments, as well as the shaft itself. Besides the uses already | 


enumerated to which this machine may be put, suitable 
arrangements of it are made for revolving emery wheels, 
steel brushes, ete., such as are used in cleaning and dressing 
castings, and for various purposes ; for boiler works, in dr.ll- 
ing holes which can not be located until the boiler is placed, 
tapping stay-bolt holes, drilling out broken stay-bolts, cut 
ting out boiler tubes, ete.; in the ship-yard for boring the 
innumerable auger holes generally done in so laborious a 
manner by hand, and many other similar purposes. 

Fig. 1 shows the shaft with the plain auger attachment ; 
Fig. 2 illustrates the manner in which the shaft and tube are 
made ; Fi. 3 gives in section the construction of the tool end 
of the shaft; and Fig. 4 exhibits the construction of the pulley 
en, also in section. These figures generally explain them- 
selves ; the construction of the shaft and tube, however, may 
be described as follows : 

The shaft is built up of several layers of wire, the number 
of layers depending upon the size and strength of shait 
required, wound one upon the other helically. The layers are 
put on in groups of three to eight wires, parallel to each other, 
each successive layer containing groups of varying numbers 
of wires, thus giving a different pitch to the helices for each 
layer, the direction of each twist or helix being the reverse of 
the one upon which it is wound, When the shaft is laid up 
in this manner, the wires at each end for a short distance are 


brazed solidly together, and to these solidified ends the pieces | 


are secured for the attachment of the pulley and tool which it 
is to drive. 


| secured to one end of the flexible shaft. This end is shown as the single form and purpose indicated in Fig. 5 ; but with the 


almost limitless range of its application it is semething more 


| J.T. 


BOAT EXHIBITS AT THE CENTENNIAL, 


| Iw this class of exhibits at the Centennial there was an 
extensive representation, which included vessels and boats of 
all kinds. There was a superb collection of models of men- 
of-war, fishing craft, and small boats in the United States 
Building. In Machinery Hall, eliborate models of ocean 
steamers, ironclads, race-boats, ice-boats, canoes, and the 
admirable exhibit of the Massachuseits Marine, which in. 
cludes vessels of every conceivable ck scription, from skiffs to 
fast-sailing clippers. In an out-of-the-way corner of one of 
the mineral annexes of the Main Building, a curious display 
of Chinese junks ; interspersed tlirough all the foreign 
departments were models of the vessels peculiar to the dif. 
ferent countries, In the Agricultural Building, a collection of 
fishing boats, a large portion of which is in the Norwegian 
section. 

Our engravings represent a number of the most curious and 
widely differing vessels, selected from the displays of the 
different nations. Standing in the middle aisle of the United 
States Building is the gigantic dug-out—an immense cance 
20l.owed trom the trunks of massive trees—by the Vancou- 
ver’s Is'and Indians, and measuring 60 teet in length by 8 
feet beam. It is made in four pieces, and was probably in- 
tended for warlike purposes. In the engraving, the painted 
bow is represented, covered with the strange picturc-writing 
peculiar to its savage builders. The designs, notably of the 
eyes, depicted near the bow, curiously correspond with the 
similar decorations to be found on Chinese junks. This is a 
slender link, but is perhaps of some ethnological value in in- 
| dicating the relationship between the tribes, part of which 
' went to the southward in Asia, and part crossed Behring’s 


FIG. 5 
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been used by hand ; drilling and cutting in inaccessible places, 

such as are ordinarily accomplished only with the ratchet-drill, | 
or sometimes with nothing better than a wrench ; boring and | 
cutting wood under similar conditions; carving, smoothing, 

and polishing metals, wood, or stone ; clipping horses ; sheep- | 
shearing ; cloth-cutting, and a thousand and one other opera- 

tions such as every day invite the use of such an instrument. | 
One of the most advantageous uses to which it has been put 

is that of actuating the little rotary excavators used by den- 

tists in preparing the cavities of decayed teeth for the recep- 

tion of the gold or other filling. It has been in use for this 

purpose for several years, until now no well-appointed dental 

Office is without the elegant little foot-power machine con- 

taining this flexible shaft, by means of which the operator is 

enabled to perform the delicate manipulations required in the 

preparation of tooth cavities in a far more expeditious and 

thorough manner than was possible when he was obliged to 
twirl the minute tools with his fingers while he directed them 

to the desired spot. 

Its use had been confined to this purpose for several years, 
and even the inventor himself seems to have failed to recog- | 
nize the feasibility of extending this principle to the trans- 
mission of larger powers until at a comparatively recent date. 
In the space where it was exhibited it was shown in operation 
in various ways, as in boring wood, facing and polishing 
marble, granite, etc., and in drilling iron ; and to illustrate 
the facility with which an instrument driven by it may be 
carried to a distance as well as through a tortuous course, an 
experiment was made, early in the Centennial days, of drilling 
a number of holes in a car-wheel in the space of an adjoining 
exhibitor, which was done to enable the latter to break a 
piece out of the wheel to show the character of the fracture 
and extent of chill in the tread. In order to reach this wheel 
the power was transmitted through three right angles and to 
a distance of about forty feet. 

Wherever the distance to which the power is required to be 
transmitted is considerable, it is best done, as it was in this 
case, by relays of the instrument, and although the torsional 
elasticity of the shaft is small, it is, of course, sufficient to 
preclude its use for heavy work when the distance is very 
great. 

Fig. 5 shows the general form of it when used for drilling 
metals, and this form is made large enough to be fully capa- 

te of drivinga t-inch twist drill. On the left is seen a round 
tr ving belt coming from the line shaft or other source of 
power, giving motion to a grooved or sheave pulley, which is| 


This construction, it will be readily seen, produces a shaft 
which will have considerable transverse elasticity, while it 
must necessarily offer great resistance to torsional strain, the 
reversed helices forming a kind of helical trussing, which 
effectually braces it against torsion. The case within which 
it turns is simply an elastic tule of leather or other suitable 
material, within which is wound a single helix of wire fitting 
its inside tightly, the inside diameter of the helix being a 
little greater than the outside diameter of the shaft, and 
wound in a contrary direction to the outer helices of the 
shaft. This forms a continuous bearing for the shaft; or at 
least serves as a bear..g at the points of contact between the 
shaft and case which are brought about in the various bend- 
ing of the whole when in use. 

In order to give to the instrument all the transverse elasti- 
city possible, that end of the shaft carrying the pulley is made 
with a feather so that it may slide endwise in the pulley, 
while the latter is secured to the case, the case, however, not 


| rotating with it. It will be readily seen that this is a necessa- 


ry precaution, inasmuch as in the varying curves given to the 
instrument in use a difference will occur in the relative lengths 
of the shaft and tube. 

It might be supposed that the friction of the shaft within 
the tube would be so considerable as to militate against the 
success of the apparatus ; but in practice, and under test for 
the determination of this, it has been found that the friction 
genera:ed by running it when bent at a right angle does not 
exceed that when used ina straight line more than 15 per 


| cent of the latter. 


In the running of it in a bent position, not only will there 
be friction between the shaft and tube, but there must also be 
some little motion of the layers of wire one upon another in 
the shaft itself; and to provide against the wear and friction 
which would otherwise occur in this way, provision is made 
for not only oiling the bearings at the ends, but also for con- 
fining a small quantity of oil within the tube. by which all 
motion of the wires upon one another, or the shaft upon the 
interior of the tube, is made easy by its being well lubricated. 

This little machine meets with the commendation of all 
who see it, and its adaptability to purposes in which it must 
be a large saver of time, labor, and money is so extended 
and various, that it must be regarded as one of the most meri- 
torious conceptions in the mechanic arts that has made its 
appearance in late years ; indeed, it would be a most valuable 
machine, and one of the best of tools for the machinist, boiler- 
maker, and worker in metals generally, if it were confined to 


Straits, and entered the American Continent. The british 
Columbian whaling canoe, shown above the dug-out, reminds 
one somewhat of a Venetian gondola. It is made in few 
pieces, and has a broad gunwhale ending in a fork at the bow. 
The same strange Incian designs are painted both inside and 
outside the vessel. 

Not very long ago, the yacht “‘Amaryllis,” built on the cata- 
maran principle, vanquished several of the finest centre-board 
and keel yachts in this vicinity. This circumstance has 
directed interest to this peculiar mode of construction ; and 
we represent three of these odd boats, as made in as many 
widely separated parts of the globe. The simplest is the cata- 
maran of the Philippine Islands, which is merely an ordi- 
nary canoe having two bent spars lashed athwart ships and 
connected by rough cross logs at their extremities. These 
prevent the boat capsizing, throuch resisting her tendency, 
when she heels, to submerge them. The anchor used by the 
Philippine Islanders is likewise represented. It consists of an 
jiron-tipped hook of wood, and is obviously of little value, 
since there is no way for it to hold bottom unless the hook 
end falls underneath. 

The second catamaran, that peculiar to Pernambuco, Brazil, 
is of an entirely different species, and is not a true type of its 
kind. The name catamaran is, however, applied in the navy 
to an assemblage of empty casks, Jashed together and covered 
with a staging to form a raft ; and in some parts of the world 
any raft of logs obtains a similar title. The present craft is, 
however, peculiar, because it has a centre-board, an odd ap- 
pliance for a raft. The cabin, which is just big enough for 
the occupant to crawl into head first, is mounted on aslanting 
platform, and there is a huge steering oar held in a high 
crotch. The sail is odd shaped, and, being widest at the top, 
is excellently adapted to capsize any vessel on which it may 
be placed ; hence probably the reason for the centre-board. 
Catamaran No. 3, from the Sandwich Islands, is an elaborate 
affair, but genuine in its way, inasmuch as it embodies the 
principle of “ united we stand, divided we fall,” as al! true 
catamarans should. The main canoe is so very high and 
narrow that it would promptly upset, even without the aid of 
its immense mast and sail ; but the broad outrigger and solid 
boat-shaped block at the end thereof hold up the whole fabric. 
These vessels sail faster than any known sailing craft, and are 
stanch in the roughest seas. The Hawaiian catamaran is a 
double-ender—that is, it sails either bow or stern first. It 
never tacks to turn around. When te ingenious captain de- 
sires to go about, he casts loose the forward lower corner of 


a | of considerable mobility independently of the flexibility of the than an ordinary mvention. 
shaft. To the other end of the shaft is secured a cast-iron I am indebted to Mr. J. F. Haskins, late president of the 
' yoke carrying a pair of bevel wheels, which drive the vertical | Haskins Steam Engine Company of Fitchburg, Mass., who jx 
drill spindle ; and the usual feeding screw above, wit'!: the cus- | now general manager for Messrs. Stow & Burnham, for cour. 
< tomary drill post, constitutes a most effective, and labor and | teous information and access to the machines on exhibitio 
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his sail, hauls it around to the other end of the boat, and 
makes it fast there. Notice, also, that the mast is stepped on 
the gunwale and thus brought nearer to the centre of gravity 


ef the whole combination. 


Another curiously primitive boat is the tub-like affair made 
by the Gros Ventre Indians, of Dakota Territory. It is a 


the mast is stepped very nearly in the middle of the boat, and | ages, which resulted in the discovery of America and Ice- 
there are two bowsprits, although why the ordinary rule of | land, or in which the Danis) Vikings sailed on their pillaging 
a and staysail to one spar, is not followed is a mys- | expeditions to the coast of England, find their modern repro- 
tery. pink is built for sailing in shallow water, |ductions in the Norwegian craft now used for fishing and 
such as is found on the shoals in the North ; and to pre-| pleasure purposes. The high prow, whereon was the dragon's 
vent her drifting to leeward, crab-fashion, huge weather- head in ancient times, may be traced in both the Nordland’s 


mere basket of ash or hickory withs, covered with raw hide, | boards are attached to her sides and dropped vertically into | raaseils (reefed sail) yacht and the fishing smack which we 
ani propelled by the paddle shown. An odd fact here to be | the water to offer a wide area of resistance. These vessels, | illustrate. The former has the old square sail, and in model 
noted is, that this craft is almos. identically the same as the | like every thing Dutch, are usually models of neatness, and | is almost the same as the Vikings’ vessels. 


ec racle used on the rivers in Wales for fishing purposes. In 
fact, no one can study all these kinds of boats without becom- 
ing impressed with the similarity of working in the minds of 


Is 
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Boat. Gros Venmes INDIANS. 


people, utterly dissimilar in race and in every other 
in order to reach a given object. Compare the old Swedish 
anchor, illustrated side by side with the like device peculiar 
to th Brazilian aborigines. The same apparatus isemployed 
by our own east-coast fishermen. Doubtless hundreds of per- 
sons have each deemed themselves the original and only in- 
ventor of that contrivance. 

_There are strange ceatrasts among the boats. The Philip- 
pine catamaran is so long and narrow and high that it must, 
to sail at all, be held up ; on the other hand the Dutch fishing 
pink is so short and broad and low, that it would be difficult 


to upset it, The craft is very nearly as broad as it is long;| 


the exclusion of paint. 
Another sharp 


The curious Russian double canoe was in the Russian sec- 
tion of Machinery Hall. It is a beautifully made craft, hav- 
arm-chair lo- 


abound in varnished wood and brilliant brass ornaments, to 


contrast is found between the Indian skin! ing a hull in two portions, and a 


respect, | boat, already described, and the Greenland kayak or “man’s/ cated on a grating between. The Russian sifigle canoe has 2 


canoe.” This boat is usually about 16 feet long, 2 feet broad, | neat rig, easily managed by the sole occupant of the vessel. 
and 1 foot deep. The bottom is rounded and has no keel. | The gaff is fitted with halliards and downbavl, lesding 
The frame is kept stretched above by a larze number of little | through fair leaders to the cockpit. Another type of vessel, 
beams, and two strong battens run from stem to stern, which,| which disputes with the canoe the supremacy for pleasure 
toward the middle, are attached to a hoop of bone large purposes, is the duck beat. Our sketch is taken from the 
enough to admit the bedy. The frame is entirely covered, craft in which Mr. N. H. Bishop. of New York. made his 
with the exception of the circular hole in the centre, with famous voyage from Pittsburg eid the Ohio and Mirsissippi 
freshly d seal-skin. When complete, the boat weighs rivers to the Gulf of Mexico, and thence to Cear Keys, 
about 60 lbs., and is so constructed that it can be carried on Florida, a distance of 2600 miles. The boat is very wide, and 
the head without the aid of the hands. draws but very little water. The screen shown serves asa 
The vessels in which the ancient Northmen made their voy-| protection against the weather, and as a tent at night. 
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The celebrated yacht “ America.” a vessel which won her 
Jaurels in 1851, and which our yacht builders, with all their 
skill, have never yet improved upon, had masts which raked 
heavily aft, and she drew nearly three times as much water aft 
as forward. Despite the speed and other advantages thus 
gained, a shipbuilder in Bombay has constructed the “ Ocean 


Queen” in diametrically the opposite way, and claims that she | 


beats steamers, making, with a favorable breeze, some 20 
knots per hour, The masts rake, Malay style, greatly for- 
ward, where the heaviest draught of water is found. It re- 


mains for naval architects to reconcile the discrepancy if they | 


can. 

The last two vessels which we have to describe are essen- 
tially the outeome of Yankee ingenuity, The first is a non- 
heeling boat. The hull is hung on pivots in a heavy frame, 
which constitutes stern-post, stem-post, and keel in one. The 
mast is stepped in the stern. Consequently, when the wind 
pushes the sail horizontally, the Keel, ete., are alone lifted, 
while the boat remains perpendicular. The turkey-bone 
yacht, some ingenious New Englander has contrived from the 
sternum of the turkey. It is needless to say that its size is 
diminutive, and that it is not intended to sail. A deck is 
attached to the under part of the bone, the narrow projecting 
part of which forms the keel. Rudder, bowsprit, mast and 
sails, and small boats complete the resemblance to a miniature 


sloop. 
GATEWAYS OF THE NATIONS. 


WE give on the opposite page a fine enzraving of a portion 


tank columns. In this chamber exhibits of working water- | 
wheels were placed. 

Ranged along the sides of the main reservoir were numer- | 
ous hand and steam pumps of all sizes, grades, and pat- 
terns, the steam apparatus having delivery pipes measuring 
from 1 inch to 12 inches in diameter. These pipes are repre- 
sented in the engraving at about 12 feet from the floor, and | 
| projecting over into the tank. 


CENTENNIAL. | 

In the Portuguese section, in the Main Building at the Cen- | 
tennial Exhibition, was exhibited a collection of fine speci- 
mens of salt obtained from the sea water at the works at) 
Aveiro, Portugal. As the salt is beautiful in color, of an ex- 
cellent quality, is produced by an economical method, and is 
sold at a low price, a short description of the works and pro- 
cess may not be uninteresting or uninstructive. 

On the western boundary of the district of Aveiro, on the 
sea-coast of Portugal, is situated a large plain, little above 
the level of the sea, and from north to south about thirty-six 
miles in width. In the centre of this, and more conspicuously 
outlined, is a natural basin, overflowed by the sea, and known 
as the Ria or estuary of Aveiro. This basin affords three val- 
uable products, which bring in over $200,000 per year, name- 
ly : fish ; molico, a species of seaweed used as a manure ; and 
salt. The obtaining of this last from the waters of the sea is 
one of the chief industries of the town of Aveiro. 


PORTUGUESE SALT EXHIBITS AT THE | passes 


system of basins are known as the portals, and there are as 
many portals as there are basins. e first row of basins are 
known as the trenches, the secoad as the upper pillows, the 
third asthe cuts, and the fourth asthe pillows, For its 
sage through this system, the portals are daily opened, and 
then stopped up after the required quantity of water has passed 
through. The mandamentos section is separated from the 
next group of basins, known as the new and old salines, by 
dividing walls and a ditch, known as the main race, 
which belongs to both the new and old salines. The water 
from the mandamentos into this main race, from 
which it is distributed among the different meios, of which 
the new and old salines are composed; these meios are 
the last places the water reaches, and where crystallization 
takes place. The system of basins known as the new and 
old salines is divided into four rows of thirty-three basins 
each. The first row are known as the upper middles of the 
new or upper saline, divided from each other by races, through 
which the water finds its way from the pillows to the old 
saline. Next comes a narrow platform, known as the interior 
teaboard of the new saline, which divides the upper middles 
from the next set, known as the lower middles of the new sa- 
line. Next comes a wider platform, known as the main tea- 
board of the new saline. These teaboards are platforms on to 
which the salt is dragged from those meios known as lower 
middle basins of both new and old salines, or crystallizin 
basins. A small race runs along next to the upper teaboa: 
of the new saline. Through this the water passes, discharg- 
ing into the meivs, through little gaps, which, by their com- 
munication with the small races, above mentioned, as aividing 


| the meios of the new saline, supply the meios of the old saline 


of the interior of the Main Building at the Centennial. The 
artist has represented the 
procession which, headed 
by President Grant and the 
Emperor of Brazil, passed 
through the different edi- 
fices immediately after the 
opening ceremonies. The 
distinguished party was re- 
ceived by the variois for 

eign commissioners, wlio, 
with their respective com- 
mittees, had posted them- 
selves in front of their de- 
partments and along the 
principal aisle. The three 
gateways, shown in the il 

lustration, belong to Spain, 
Egypt, and Denmark, ant 
were the most elaborate 
temporary decoratious 
erected within the edilic-. 
Egypt surrounded her en- 
tire section with a low wall 
of wood and canvas, painted 
to imitate stone. There 
was a noticeable absence of 
display of this kind in the 
departments of England 
and France. England, es- 
pecially, avoided even or- 
namented show-cases, and 
presa@ated her exhibits in 
plain but handsomely made 
cases, 


THE GREAT CATA- 
RAC? OF THE CEN- 
TENNIAL. 

THERE were few more 
attractive features in the 

Exposition than the wing 

or annexe of the Machinery 

Hall which was devoted to 

the display of the hydraulic 

apparatus. Long before 
the locality was reached 
the sound of “the rushing 
of mighty waters” reached 
the ear, drowning the clat 
ter of the vast area of 
mechanism in the vicinity ; 
and the eye was greeted by 
a score of great streams, 
first curving majestically 
into the air, then lashing 
the waters of the huge tank 
below into spray ; while in 
rear of all, a moving back- 
ground of crystal and foam, 
falls the grand cataract. 

From a point behind this 

superb sheet of water, our 

artist prepared the drawing 
from which the annexed 


engraving was made. ‘The 
tank, an immense brick 


and cement basin 146 feet 


long and 60 feet wide, the bottom being 8 feet below the | 


floor of the Hall, with the water-level 14 inches below the 
floor, contained nearly 500,000 gallons of water, used over and 
over again in the pumps, and drawn off only when it became 
foul and unfit for use, when a new supply was let in from the 
mains. 

At the south end of the basin was the apparatus for testing 
turbine wheels, and this includes the miuiature Niagara 
already referred to. Upon six columns, three of which are 
supported upon an oblong pier, erected within and near the 
end of the reservoir, and extending across it to within about 
4 fect from each side (the other three resting on foundations 
within the basin) is placed a tank of boiler iron 36 feet long 
by 18 feet 6 inches wide and 5 feet 6 inches deep. On the 
side of the tank, overhanging the reservoir, is a weir over- 
flow of the proper curved form, extending the whole length, 
and placed about 32 feet above the level of the main tank ; 
by means of which weir, measurements of water discharged 
may be made. It holds about 10,000 gallons. The water 
falls over the weir into the tank ina single magnificent sheet, 
at the rate of 30,000 gallons per minute. This supply is 
maintained by two Andrews’ centrifugal pumps of 100 horse- 
power each, which are able to fill the tank every 38 seconds 


und to empty the main reservoir in 16} minutes. The ele-| 


vated tank also serves to obtain a head under which other 
pumps may discharge while under test. From the bottom of 
it is led, direetly downward, a penstock tube 4 feet in diame- 
tor, and immediately under it is a cylindrical chamber of brick 


These morinhas (salines) are spaces of ground, enclosed by 
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walls of sod—a sort of argillaceous mari is used, obtained from | 
the basin—and divided into various sized compartments, of 
graded depths, where the salt water is introduced, and al- 
lowed to stand or is stirred, according to the exigencies of the 
process, ‘These salines are necessarily constructed, so as to 
| lie above the level of low-water, and below that of high, and 
to have good communication with the canals of the estuary. 
| The best way to describe the works will be to follow the 
| salt water in its journey through one of them, during which 
| it is evaporated by the sun and wind, the latter being a power 
| ful agent. 
The salt water runs directly from the estuary, by means of 
| an underground pipe, into a large basin, known as the pond, 
| whose width is that of the saline, and which is the largest 
| basin in the system. The water then passes through two 
| Openings, cut across a thick wall, known as the pond’s 
traverse, into two basins similar to the pond, but each less 
than one quarter its size, and having a smaller depth, which to- 
ether stretch across the saline from wall to wall, having a low 
divisional between the two parts ; these two basins are collec- | 
tively known by the name of the pocket. From these two 
basins the waters little by little daily spread all over a system | 
of reservoir basins, gradually decreasing in depth, and known 
under the generic name of the mandamentos. There are four | 
| rows of basins in this system, eleven basins in each row, the | 
basins gradually decreasing in length to the last row. These | 
| basins are divided from each other by smal] low walls, known | 
jas traverses, 


with the requisite amount 
of salt water. Next come 
the set of thirty-three basins 
known as the upper mid- 
des of the old or lower 
saline; these are divided 
from each other by low 
walls and small channels, 
and bounded by the interior 
teaboard of the old saline. 
Across this the water runs 
to the lower middles of the 
old saline, upon which the 
crystallization takes place, 
as it also does upon the 
lowest middles of the new 
saline. The platform next 
is the main teaboard of the 
old saline. The meios in 
the whole system are di- 
vided by additional 
walls into quarters, as they 
are called, of six meios 
each and one of three 
meios. Next to this last 
teaboard runs the inter- 
vallo,a ditch about 64 ft. in 
width, where the mud re- 
moved from the meios is 
thrown. 

The entire system is now 
ended by the mahadal, a 
portion of the outer or 

rotecting wall which sur- 

unds the entire saline. 
This is widened in two 

laces into large platforms, 
as the eiras—liter- 
ally, a barn or thresbing- 
floor. These are connected 
directly with the upper tea- 
boards of the old saline. 
On to these the salt is car- 
ried from the teaboards, 
heaped up, and kept until 
shipped. Under the ma- 
hadal runs the bomba or 
draining pipe. 

The capacity of a saline 
and its value is known by 
the number of meios it con- 
tains, they being nearly 
equal in dimensions. Hence 
a saline is said to have 20, 
30, or 40 meios, 

The following are the 
dimensions of a saline simi- 
lar to the one which has 
been described, and con- 
taining 33 double meios. 

The entire saline meas- 
ures 68.020 square metres. 
The pond, 22.139 square 
metres. The pocket, 9.072 
square metres. The en- 
tire trenches, 5.804 square 
metres. Each trench, 14.4 
square metres. The entire 
upper pillows, 4.746 square 
metres. Each upper pillow, 12 square metres. The entire 
cuts, 4.192 square metres. Each cut, 10.4 square metres. 
The entire pillows, 3.547 square metres. Each pillow, 8.8 
square metres. All the upper and lower meios, 9.636 square 
metres. Each meio, 73 square metres. The teaboards, 668 
square metres. The ditch (interval), 334 square metres. 
The mahadal, 307.4 square metres. Each eira or salt plat- 
form, 135 square metres. The outside walls, dividing walls, 
etc., 7.414 square metres. 

In the pond the water is 0.50 metres deep; in the pocket, 
0.18 metres ; in the mandamentos, 0.054 metres; and in the 
upper and lower meios, 0.014 metres. 

The exterior wall or boundary of the saline, which is a sort 
of dyke and protects it from the encroachments of the & a, is 
raised high enough above the spring tides to make it safe. 
Repairs are needed every year on this outer wall, as also on 
the inner ones, to make up for the ravages of weather and 
sea. The bottoms of the different compartments have also to 
be kept water-tight, and all the different ways have to be kept 
well cleared up. In March or the beginning of April of each 
year this work of general cleaning up and repairing is com- 
menced, the walls repaired, the water-ways cleared, and all 
the compartments thoroughly cleaned. The operations of 
this general cleaning up are very carefully carried out, and 
last until the end of June. 

After this preparation is finished and the water has found 
its usual level in the saline, the workmen begin to break up 


where the portals are opened. The openings | the crystallized salt in the meios ; this operation is Lap ty na 


and coment 8 feet in diameter, built in the foundations of the | through which the water passes in its journey through this | every two or three days, and the salt is dragged to the tea- 
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boards by wooden scrapers. On the teaboards it is heaped in 
smal! piles, and when all the metios have been scraped, the 
salt is carried to the eiras (salt platforms) in large baskets, 
where it is heaped in conical piles or in the shape of triangu- 
lar prisms, having at each end half cones ; these are known as 
mules. 

Each day water is let into the lower meios through the 
interior or middle teaboard, passing in from the upper ones, to 
which water is also admitted each day from the pillows. The 
water in the cuts, upper pillows, and kettles is each day 
changed, and passed on so long as the salines are crystalliz- 
ing. 

In the pond the water is admitted and let out every fort- 
night, in full and new moon during the spring tides. 

tr the salt should not be sold during the salt-making season, 
the piles on the salt platforms are trimmed up and beaten 
with a tool for the purpose, and covered with bulrushes to 
protect it from the winter rains 

The great enemy of the salt-making industry is rain, which 
interrupts the process, and often even stops it entirely for the 
season, soaking the saline and overflowing it. 

The Portuguese method of salt-making differs but little 
from that usec on the west coast of France. 

The salt of the salines is white, and has a density of 2.125, 
as before mentioned, The great agents for the evaporation 
of the salt in these salines are the sun and the wind, the lat 
ter being a powerful agent. During north-east winds the 
salt must be scraped and dragged off every day, as the erys- 
tallization takes place very rapidly. 

The expense of labor in these salines is slight, one of 33 
meios, an average dimension, requiring only two workmen ; 
namely, the salt-maker, and an assistant. This force is 
increased by one or two workwomen to carry the salt from 
the teaboards to the eiras, when crystallization is rapid. 

The owner of the salines divides his profits equally with 
the sult-maker, and the workthan is paid about twenty dol- 
lars for the season from April to September. 
women are paid ten cents per day. The seaweed grown on the 
bottom of the pond is sold, and the profits shared between 
owner and maker. When the outer walls are wide enough, 
as is generally the case, they are tilled, bearing good crops of 
potatoes, Indian corn, barley, rye, and wheat. This is the 
perquisite of the salt-maker. 

The average production of a 30 meios saline during the 
crystallizing season is 9360 a/yuieres, or about 14,658 pecks 
of salt. When there is much rain this production is much 
lower, but with warm and windy weather the amount of salt 
produced may be three times that above estimated. 

The total number of salines in the estuary at Aveiro is four 
hundred and fifty. The average yearly production of salt 
can be estim uted at 1,624,000 bushels. 

Oporto uses a good deal of this salt, and it is supplied to 
other parts of Portugal, while there is a small exportation to 
other countries. 

Though the price of the salt varies, ten cents per hectolitre 
(=2.8 bushels) is a fair price, and the annual production 
averages about $58,000. The production of salt in the dis- 
trict is each year increasing. A saline costs to build from 
$300 to $400, and is worth, according to the number of meios, 
and its situation on the plain, from $1000 to $1500. 

The manuscript from which the above was collated is dated 
Aveiro, 14th January, 1876, and is signed by Silverio Augusto 
Pereira da Silva, engineer, and by Franciso Antonio Mar- 
quis of Moura, and was evidently written by the former. It 
is accompanied by a large drawing of a saline and of the in- 
struments used. For facilities in connection with this ar 
ticle the writer is indebted to Senhor Lourenco Malheiro, 
engineer of mines, Portuguese Commissioner to the Centennial 
for the Industrial Department. 


THE END OF THE YEAR. 

THE present, No. 52, is the last number of the ScrENTIFIC 
AMERICAN SUPPLEMENT for the year 1876. 

Our regular dating day is Saturday ; this year there happen 
to be fifty-three Saturdays. To make our datings correspond 
with the fifty-two weeks of the year, we place on the present 
fssue the double dates of Saturday, December 23, and Satur- 
day, December 30. 

Our next number will be the first of the new year, and will 
bear date, Saturday, January 6, 1877. 


THE INTERNATIONAL EXHIBITION OF 1876. 
No, 32. 
SOME OF THE RESULTS, 


The work- | 


| tended tours through the country, and have in this way had 


the favorable impressions created by the Exhibition supple- 
mented and enforced by a personal acquaintance with our 
yrincipal industrial centres and establisliments, which can 
— no other result than to impress them in every way favor- 
ably to a more extended and profitable intercourse with us in 
the future; and while our contact with them will have the 
desirable effect of enlarging our views and making us 
more liberal and cosmopolitan in spirit, they will be found to 
be equally benefited, and to carry with them some of the push 
and snap of the American to infuse into the older and more 
staid peoples which they came here to represent. 

To say, then, that the Exhibition will be much to our manu- 
facturing, mercantile, and commercial advantage, in bringing 
customers from abroad or making a more extended market for 
our products, is to say the least ; and our country and people 
will be brought to the knowledge of the others of the world 
with reference to the extraordinary possibilities of such. a 
nation and land in a light such that when the reports of the 
several commissioners have become disseminated among their 
own peoples, the United States of America will be better 
known and understood by them than could be possible 
through any other human agency ; and these foreign peoples 
will be the gainers as well as ourselves. But we will also 
have learned much from the magnificent displays made by 
the foreign nations and exhibitors; many of our peculiar 
American idiosyncrasies will be advantageously toned down, 
and a great deal of that sober, solid metliod characteristic of 
the older countries will become infused into our plans and 
processes ; our tastes in all the fine arts will be elevated; we 
will acquire a greater relish for the beautiful, the quaint, and 
the old in such things, and attach a value to wsthetic studies 
and objects far above what has been true of us in the past ; 
and in this way the International Exhibition of 1876 will exert 
greater influence than any of its predecessors in all that re- 
dounds to true progress in this country and in the world, 

To us Americans, however, the Exhibition has a signifi- 
cance which could not obtain with any of the other peoples 
at previous world’s fairs. This has been so intimately asso 
ciated with our highest instincts of nationality and patriot- 
ism, that in years to come it will live in the minds of our 
people as an event second only to that Declaration of Inde 
pendence which, it was its primary object to commemorate. 
Of the millions of pilgrims to this American Mecca. there is 
probably not one who has not taken with him or her one or 
more mementos or souvenirs, to be installed among their 
household gods, and in the course of years to be transmitted 
into priceless heirlooms ; and, after the expiration of perhaps 
four or five decades, every household in the land will contain 
some little article, treasured up and handed down from father 
to son, a8 a witness of the visit to or some connection with the 
great Centennial Exhibition on the part of some member of 
the family, whose departure from earth will have made for 
these articles a holy and inestimable value. In this light the 
Centennial has yet to do a great work in the land in cement- 
ing opposing interests, modifying sectional bitterne-s, and in 
bringing about that perfect national brotherhood that has of 
late years been so seriously disturbed. 

Its beneficial effects upon the educational methods and in- 
stitutions of the country alone will be something that is not 
to be overestimated ; and, as in the education of the coming 
generations lies the foundation and permanence of our insti- 
tutions and form of government, it would have been the 
grandest event in the history of this country since the founda- 
tion of the government if its effects were to be felt in no other 
direction than this. 

The primary object of the average exhibitor in such an 
exhibition is that of a future material gain, a hoped-for 
increase of business by reason of bringing their wares more 
prominently before the world ; and so far as it goes this is a 
most praiseworthy motive, and is of lasting benefit to the 
country at large in proportion as it is successful. But the 
men and governments who have expended so much money, 
time, and talent in placing in friendly rivalry the enormous 
amount of educational material on exhibition must have had 
a higher and less sordid motive. 


The extensive and costly exhibitions made by the several | 


foreign nations and the different State governments from 
ourselves, to say nothing of the displays of the many indi- 
vidual institutions of learning, could not be expected to 
return to them any thing but loss in dollars and cents; but 
the results of thisinterchange of ideas and methods among 
men of learning and the teachers of the world will be as 
valuable to all as may be pictured in the idea that they sepa- 


| rate to go to their respective localities, each in possession of 


Now that the great Exhibition is at end, and “chaos has’ 


come again,” it may be profitable to glance over some of the 
principal facts and figures which have grown out of it,and to 
compare the results so far as they may at this early day be 
comparable, with those of the world’s fairs which have gone 
before ; and it will be appropriate to thus look over the work 
in this last number of the SuprLEMENT for the Centennial 
year which gave it birth. 

To attempt now to picture wholly the probable results of 
this Exhibition and its effect upon the industries of this 
country, would require more than human prescience ; but we 
may be sure that such will be the deep and lasting impulse 


given by it to the arts and sciences, as well as to our commer- | 


cia! and industrial interests, that it will not be too much to say 
that its influence will be felt for generations to come. We 
may now, however, from some of the most prominent facts 
and figures, glean something of an idea of the value it will 
prove to have been to every material interest of ours and of 
the world, 

Aside from the national and patriotic features attached to 
its origin, which, no doubt, lent much to its substantial and 
financial success, and considered rigidly as an International 
Exposition of the world’s industries, it will be admitted on all 
hands that it has in every possible aspect been more than suc- 
cessful, while in magnitude, diversity, arrangement, and pecu- 
niary results it eclipses all similar efforts which have passed 
into history. The material resources of our vast domain ; 
the inventive genius of our mechanics and manufacturers ; 
the rapid development of this young people in music and the 
fine arts; the extraordinary aptitude in the discovery and appli- 
cation of labor-saving appliances ; the wealth of systematic 
provision for purposes of education; the wonderful elabo- 
ration of that most powerful of modern institutions, the 
newspaper press; and, in a word, the magnificent prog- 
ress made in all that contributes to the happiness and 
prosperity of man by a country and people not a century old, 
will be so thoroughly impressed upon the older countries by 
their several representatives, that the advantages to us as a 
people, to come from this Exhibition, will be felt for many 
years. Many of the commissioners from abroad have availed 


themselves of their six months’ sojourn with us to make ex- | 


the combined experience of the whole. 

Few visitors to the Centennial, aside from those who have 
had educational investigation directly in view, live ony con- 
ception of the immense amount of this kind of material which 
was there to be seen, and a mention of some of the more 
prominent of them will be in place here, and will serve to 
show how extensive it was as a whole. 

The United States alone made 184 distinct exhibits of this 
kind, prominent among which were : The New York Institu- 
tion for the Blind, showing the methods of imparting instruc- 
tion to this unfortunate class of people ; 
the Superintendent of Public Instruction in Baltimore ; the 
American Missionary Association of New York ; the Ingham 
University, Le Roy, N. Y.; the Massachusetts Institute of 
Technology, Boston, Mass.; the Stevens Institute of Technol- 
ogy, Hoboken, N. J.—a magnificent exhibit, described and 
illustrated in a previous letter; the Cornell University of 
Ithaca, N.Y.; the Cooper Union Evening School of New York, 
the Hampton Normal and Agricultural Institute, Hamp- 
ton, Va.; the State of Indiana Educational Department—a 
very extensive and complete collection relating to the 


entire system and methods used in the State; the exhibits | 


of the States of Michigan, Wisconsin, Ohio, Nebraska , that 
of the Rhode Island Board of Education ; the New Hamp- 
shire Department of Public Instruction ; the State of Connec- 
ticut Educational Department ; the States of Illinois, Maine, 
lowa, Missouri, Maryland, and Tennessee; the magnificent 
and extensive display of the Commonwealth of Massachusetts’ 
Department of Education and Science, occupying the whole 
of the gallery upon the east end of the Main Building ; the 
State of Minnesota Educational Department ; the State of 
New Jersey’s Department of Public Instruction ; the State of 
Pennsylvania Educational Exhibit, made in the separate 
building known as Pennsylvania Educational Hall—a build- 
ing 100 by 100 feet, with two wings, each 40 by 24 feet, de- 
voted exclusively to that which relates to methods and results 
of teaching in the State ; 
York ; the Presbyterian Board of Publication, Philadelphia ; 
the National Temperance Society, New York ; the American 
Sunday-School Union of New York ; the American Bible 


Society, New York ; the American Tract Society ; the Fire- | 


land Historical Society, Ohio; the Agricultural College of 
Ohio; the Archwological Society of Ohio; the Western Re- 
serve College, Hudson, Ohio; Buchtel College, Ohio ; Mount 


the Methodist Book Concern, New | 


Union College, Ohio ; the Ashtabula County Historical So. 
ciety, Ohio ; the State Archeological Association of Ohio, and 
the Western Reserve Historical Society of Cleveland, Ohio. 
From foreign countries there were 1041 distinct exhibits or 
this kind, many of them very extensive and comprehensive - 
as for instance the exhibit of the Technical School of Moscow. 
Russia, and the collection of the Educational Department of 
Toronto, Canada, Of these foreign exhibits, Great Britain 
sent 41; Victoria and New South Wales, 13; Canada, 48- 
France, 84; Germany, 160; Austria, 10; Switzerland, 68: 
Belzium, 38; Netherlands, 23; Sweden, 48; Norway, 6: 
Italy, 28; Brazil, 39 ; the Argentine Republic, 18 ; Portugal, 
20; Turkey, 2; and Russia, 33. 
To these we may add the separate educational structures 
known as the American Bible Society Pavilion, the American 
Kindergarten, Frobel’s Kindergarten, and the Swedish School. 
house, and we have a wealth of educational matters which js 
simply astounding. The fact that there was upon the Exhi- 
bition Grounds no less than 1225 separate and distinct exhib- 
}its of an educational nature, is of itself sufficient to show 
| the superior importance given to all that relates to the men- 
tal training of the young in these days; and one needs no 
better criterion of the grand results which must flow from 
such an assemblage, and the opportunity for interchange of 
plans, ideas, and methods which doubtless was made good ase 
of at the Exhibition by all interested in such matters, 
When we consider the opportunity offered by such a collec. 
tion for the improvement of all that relates to the acquisition 
of knowledge, it can not be doubted that here seed will be 
}sown which, as the world grows older, will germinate and 
ripen into a harvest which will work greater good to the 
world and improve its sociological condition beyond any 
event in the history of mankind. 
Next to educational matters, perhaps, the manufacturing 
interests of our own country will be most affected by it, and 
}of these the iron and steel industry will be most benefited. 
The extraordinary display of Mining and Metallurgic pro- 
ducts in the Main Building, described in two previous letters, 
ean not fail to open up to the eyes of strangers the cnor- 
mous resources of this country in coal, iron, and other use- 
ful and precious metals and minerals. From the different 
| parts of this country there were no less than 551 distinct 
|exhibits which come under the head of Mining and Met- 
allurgy. Under the head of Machinery there were over 
1500 exhibits. exclusive of those of leather and leather pro. 
ducts in the Shoe and Leather Building, which also came 
under the supervision of the Machinery Bureau. In this gen- 
eral branch of manufac‘ ure (machinery) we have exhibited to 
| the world a collection of the productions of our mechanics and 
inventors of which we may well be proud, and which will 
}establish a reputation for us abroad which the oldest and 
most experienced nations may hereafter look for in vain. 
The edbinenr Hall, with the several buildings included in 
its management, with their contents, have been looked upon 
by many of our foreign visitors as a marvel in its extent and 
the wealt': of ingenuity and mechanical skill displayed therein; 
and certainly this bureau is entitled to no small credit for the 
| share which it has contributed to the general success of the 
Exhibition. So well has this been conducted in a financial 
point of view, that, notwithstanding that it is neces: arily the 
| most expensive of all the departments, the receipts from con- 
cessions and percentages upon sales have paid all expenses of 
the bureau and left about $12,000 of a surplus. 
I might go on and particularize as to the other bureaus, 
and show how successful in every way have been those of 
| Agriculture, Horticulture, Art, and Installation, as well ss the 
Department of Admissions, the Police and Fire Departments, 
/and the minor powers of the Exhibition, and the whole would 
result in only the same story of economical and successful 
management ; and in days to come, when it is remembered 
that this grand result has been reached during on unprece- 
dented depression in business interests, which lasted from its 
inception to its close, too great a meed of praise cannot be 
bestowed upon the Centennial Commission and Board of Fi- 
nance, the Director-General, the Chiefs of Bureaus and their 
assistants, who have all contributed their share to the now 
well-assured success. 

An approximation to a few of the principal figures, which will 
tend to illustrate the immediate material success of the Exhibi- 
tion, in such shape as to be easily stowed away in the memory, 
may not beamisshere. Early in the present year, and perhaps 
as late as two months previous to the opening day, it was 
given out, or at least hoped, that the number of buildings 
would reach the Centennial number of 100, but some weeks 
before the opening it was found that this number would be ex- 
ceeded ; and long before the closing day, the total number of 
separate stuctures upon the grounds reached 190, or nearly 
double the highest at first hoped for. Of some of the larger 
| buildings, the areas presented by them available for exhibition 
| purposes are as follows: Main Building, 214 acres ; Machinery 
| Building, 14 acres; Agricultural Building, 10 acres ; Horti- 

cultural Building, 14 acre; Art Building, 14 acre ; Women’s 
Pavilion, acre; Government Building, 2} acres; Carriage 
Building (Main Building Annex), 2 acres; Brewers’ Building, 
'4 acre; Shoe and Leather Building, 14 acre; Dairymen's 


an exhibit made by | Building, s acre; Photographic Hall, ¢ acre; Kansas and 


Colorado Building, } acre; Arkansas State Building, 4} acre ; 
| Gillender & Sons’ Glass Factory, 4 acre ; the Campbell Press 
Building, } acre ; Spanish Government Building, } acre ; Singer 
| Sewing Machine Building, 4); acre ; Swedish Schoolhouse, 4); 
,acre; Pennsylvania Educational Building, $ acre ; French En- 
gineering Building, 4); acre; Boiler-houses and Annexes to 
Machinery Hall, 1 acre; Saw-mill Building, } acre ; Pomo- 
| logical Building, ¢ acre ; Annex to Horticultural Hall, 4 acre ; 
| Art Gallery Annex, 2 acres; and Mineral Annexes to Main 
| Building, $ acre. 

These buildings were all devoted strictly to exhibition pur- 
poses, making, with a number of smaller bazaars and other 
structures containing goods of some kind on exhibition, a total 

|of not less than 65 acres of space used for legitimate exhibi- 
tion purposes. If we compare this figure with the space 
similarly occupied at previous exhibitions, it will be seen at a 
glance how far it has exceeded every thing of the kind. The 
London Exhibition of 1851 covered 20 acres ; the Paris Exhi- 
| bition of 1855 covered 40 acres ; the second London. Exhibition 
of 1862, 24 acres; the Paris Exhibition of 1867 had under 
cover about 40 acres, and at the last Exhibi'ion at Vienna, in 
| 1873, about 20 acres. Thus the American Exhibition exposed 
goods upon an area greater than any other two except the 
two French fairs, and more than one and a half time greater 
than either of these. 
The admissions to the Centennial were as follows : 


Total cash admissions........ .......8,004,274 
| “ free 
Total admissions... ...........9,910,966 


| The total receipts from admissions were $3,813,724.49. 
| greatest total number of visitors in any one day was on 
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tember 28th—about 275,000—and the receipts for that day 
$118,673.75. At London in 1851 the total number of admis- 
sions were 6,039,195, and the greatest number in one day 109,- 
915. At Paris in 1855 the total admissions were 5,162,330, 
and the most in any day 123,017. At London in 1862 the 
total admissions were 6,225,000. At Paris in 1867, which was 
open mach longer than ours, the total was estimated at nearly 
10,000,000, and the largest for one day 128,000 ; and at Vienna 
in 1873, neither was so great: so that in the matter of total 
number of visitors we have outstripped them all, except possi- 
bly the Paris Exhibition of 1867 (and for an equal number of 
days open this was exceeded), and by more than double the 
largest for any one day, while the receipts are very greatly 
in excess of any of them. 

The total amount of money received from concessions was 
$290,000, and from percentages on sales of goods $203,000, mak- 
ing the total receipts from all sources $4,296,724.49. What the 
expenses liave been, or more properly will be, can not yet be 
told, inasmuch as a very considerable part is now being in- 
curred. A considerable revenue is, however, to flow to the 
Board of Finance frem the disposition of buildings and mate- 
rial, and this was commenced on December Ist, by the sale of 
the following buildings, which were sold at auction, and for 
sums and purposes as follows : 

Main Building, cost $1,690,000, sold for $250,000 to the In- 
ternational Exhibit on Company of Philadelphia, for the pur- 
pose of a permanent exhibition, which is already incorporated 
and well under way. The Mineral Annexes cost over $19,000, 
sold for $1000; Carriave Building cost $55,000, brought 
$4100; Photographie Iall ¢ st about $23,000, sold for $1000 ; 
the Art Gallery Annex cost $110,000, brought $3050 ; Judges’ 
Hall cost $30,000, was sold to the Permanent Exhibition 


Company (to be used for offices) for $1500 ; the Medical Build- | 


ing sold for $390 ; the Publie Comfort Building, which cost 
$22,009, went for $1000 ; the Shoe and Leather Building cost 
$32,609, sold for $3000 ; Agricultural Hall, which cost $275,- 
000, brought $13,100 ; and twenty-four other smaller structures 
soll for various sums, bringing the aggregate up to $296,160 
for buildings that cost to build not less than $2,500,000 
IL rticultural and Memorial Halls are not at the disposition of 
tne Board of Finance, but are to remain permanently in com- 
memoration of the Centennial. Machinery Hall is the prop 
erty of the city of Philadelphia, and recently the City Coun 
cils have decided to permit it to remain, and propose placing 
it in the hands ofthe Franklin Institute, in which to establish 
tieir maseum and hold their future exhibitions, The Corliss 
b iler-house was purchased by a representative of the Insti- 
tute for their use in connection with Machinery Hall. The 
Jast-mentioned building cost $636,500. 

The value of exhibits in Machinery Hall and the building 
and annexes belonging theret>, including the Shoe and 
4.-ather Building, was: 


2,471,178 


Value of goods exhibited. .......... 
1,103,897 


est of cases, ete., and attendance 


It would be interesting to know the total money value of 
every thing that was brought upon the ground, including all 
expenses attendant upon the preparation, inauguration, con- 
daet, and closing out of this great enterprise, and in due tite 
tais will be made known, as a complete valuation of evi ry 
thing upon the grounds has been in progress for a consider 
able time, but is not yet completed in all the departments. 

With the exception of the Main Building, Judges’ Hall, and 
the Corliss Boiler-lhouse, it is not known to w.at purpose 
the purchased buildings are to be put; w.th the above ex- 
ceptions, however, they are all to be removed from the 
grounds, 

The total number of awards to exhibitors- will reach nearly 
14,000. A number of them are still under adjudication, and 
the complete list will not be ready for some little time. As 
with the other figures, this largely exceeds the number of 
awards made at any previous Exhibition; whether it will 
give proportional satisfaction to the recipients is something 
yet to be decided. There is no more disturbing element or 
Knotty problem in connection with these exhibitions than 
the distribution of awards to competing exhibitors, and out 
of the dissatisfaction at the methods previously adopted 
grew the new experiment which has been tried here. Many, 
ao doubt, now see—or think they do—where it may be im- 
proved, and some will reyard it as inferior to any of the pre- 
e-dent systems. When, however, the calin second thought of 
thos+ interested has come, and an opportunity has been had 
ito see the best as well as the worst features of it. Lam of 
the opinion that it will be generally pronounced as by far 
the best of any of the systems yet adopted. 

in the work of preparation and conduct of a work of such 
waagnitude the principal executive bodies and the men hold- 
iag the principal places come prominently before the world ; 
and as a principle, the men who plan, devise, and really 
execate are but little known. ‘To such men, however, this 
country owes no small debt for the indefatigable earnestness 
with which they have carried their Centennial to a successful 
issue. To Mr. Henry Pettit, Engineer and Architect of the 
Main Building and Machinery Hall, and Chiet of the Bureau 

Installation, more than any other one man connected with 
the Exhibition, do the people of this country owe a debt of 
gratitude, He has been the busy bee, the worker pay excel- 
lence, of this vast hive. 

As all that relates to the Machinery Bureau is more imme- 
diately within the scope and province of this journal, I will 
in order that the men who have contributed so efficiencly to 
the success of that branch of the Exhibition may be known 
your readers—give the personnel ot the Bureau. The world 
pretty well knows now who has been the chief and master 
mind of this department ; and Machinery Hall, as it stood 
upon the closing day, spoke louder in praise of John 8. 
Ailast than any words of mine could, His force of officers 
and assistants were as follows: 


SUPERINTENDENTS. 


L. W. Rosrnson, Offices and Installation ; Joseru lirst, 
Machinery Hall; Joun T. Hawkins, Buildings south of 
Machinery Hall; Wiiuram A. Dripps, Buildings west of 
Machinery Hall; L. D. Norton, Boilers and Steam Pipes. 


ENGINEERS, 


Purtip VOORHEES, North-east Section Machinery Hall ; 
Wutson K, Purse, North-west Section Machinery Hall ; 11. 
\V oops, South-east Section Machinery Hall; G. B. HuBBakb, 
South-west Section Machinery Hall; Joun Correr, Hy- 
draulic Section, Machinery Hall; Pistrer, Build. 
ings south of Machinery Hall; J. D. Curtis, Buildings west 
of Machinery Hall; Henry Farrrax, Offices and Installa- 
tion: J. C. Krieore, Boilers and Steam Pipes ; JAmEes Hop- 
“oN, Shafting, Machinery Hall. 


| rolling along a right line, 


DRAUGHTSMEN, 
Percy A. Sanernetti, E, F. Totman. 

SECRETARY TO CHIEF OF BUREAU. 


Nauum Srerson (84). 


There are few men in this country who are interested in 
products of the character which made up the grand tout en- 
semble of Machinery Hall, who will not always look back with 
feelings of pride upon that magnificent assemblage of the 
fruits of the inventive genius of his countrymen, and they 


will be glad to learn the names of those who have so ably | 


| assisted in its organization, management, and care. 

What is true of the Machinery Department in this respect, 
| is abundantly so of all the others ; and I might go on and 
specify only to come to the conclusion which is embodied in 
these words: The International Exhibition has been a grand 
success, J.T. 


IN MECHANICAL DRAWING. 


LESSONS 
By Prof. C. W. MacCorp. 
| No, XXXil. 


In Fig. 262 was shown the mode of drawing the cycloid, 
which is described by a point in the circumference of a circle 
If, on the contrary, we now sup- 

pose the straight line to roll on the circle, the curve traced 
by a marking point in that line will be very different, as 
showa in Fig. 278. An idea of the nature of the motion of 
{the point in this case may be had in perhaps a clearer way, 
j whieh the reader may readily illustrate experimentally by 
fastening a pencil to a string, winding the string upon a cylin- 
}der near one end, placing that end flat upon the drawing 
board, so as to have the cylinder vertical, and then unwinding 
the striny, taking care to keep it always tightly stretched. 

By this means the string must at all times be straight, and 

always tangent to the cylinder; and what is more, the part 
which is unwound must evidently be always equal in length 
to that part of the circumference upon which it was origi- 
nally wrapped. Lf, at starting, we suppose the string to be all 
wound up on the cylinder, the pencil will be just on the cir- 

fcumference ; aud as we go on unwinding it, there will be 

{ traced a curve which it is easy to see will be of a spiral form, 
as the pencil goes round the cylinder, but with a constantly 
increasing radius. 

We may, however, describe the curve by points, which are 
readily found in the following manner; If we suppose the 
pencil to start at 0 in the figure, and to move in the direction 
indicated by the arrow, then, when we have unwound so 
much of the string as is equal to the are 02, that part will be 
tangent to the circle at 2; aud by drawing a tangent at that 
point, and setting off on it «a distance 2 2 equal to the are, 
we must by the definition have a point in the curve. 

It is most convenient to subdivide the circle into equal parts, 


which we have done in the diagram, the are 0 2 being 60° ; | 


the operation of rectifying that are upon the tangent at 2 is 
indicated, and the line 2-2 thus determined is bisected at e 

Then drawing tangents at the points 1, 2, 3, ete., on the 
circle, we set off 1-1’ equal to e 2; 2-2’ is, of course, twice as 
great, 3-5’ three times, 4-4’ four times, and so on; so that 
3-3 is one fourth the circumference, 6-6’ one half, 9-9' is 
three fourths, and 0-12’ is equal to the whole cireum- 
ference. 

It w.ll thus be seen that the motion of the tracing point is 
analogous to that by which the spiral of Archimedes was 
traced, as it travels uniformly along a line, while the latter 
revolves uniformly; but in this case the line do s not pass 
through the axis about which it turns. Having now gone 
ouce round the circle, we may go on, as in the actual case of 
the string, which may have as many coils as we please: thus 
extending 1-1’, we set off 1'-13 equal to 0-12, since 1-13 
must clearly be equal to the whole circumference plus 1-1’, 
and so on, 

We have drawn in the figure a ruler tangent to the circle at 
8, with a pencil fixed in its edge at 8’, which will make clear 
the fact that this mode of describing the curve is identical 
with that first mentioned—that is, by the rolling of a right 
line on a circle ; for the points 7, 6, ete., on the ruler, being 
equally distant from each other, and the spaces thus marked 
being equal to the ares of the circle similarly numbered, it 
will be seen that, as the ruler rolls round the circle, the 
points 6, 6 will come in contact, also the points 7, 7, and so 
on, bringing the pencil to the points 6’, 7’, ete., just as when 
the string is used. 

The distances between the points 5, 6, 7, ete. of the 
curve, determined by tangents at equidistant points 5, 6, 7, 
ou the circle, increases very rapidly ; consequently it will be 
advisable to ascertain intermediate points, which is very 
readily done by still farther subdividing the ares, and adding 
proportionately to the tangents at the points of subdivision : 
thus, if we bisect the arc 10-11, the length of the tangent at 
that point of bisection will be found by adding to 10-10' the 
half of 1-1’ instead of the whole; in this manner we may 
locate as many points as are desirable. 

This curve is called the involute of the circle—or, more 
commonly, merely the involute—and: it is one of much 
interest and importance, from its applications in the forma- 
tion of the teeth of wheels. ilence it is advisable for the 
student to take all the pains possible in its delineation ; and, 


asan aid to its accurate construction, it is to be noted that the | 


method by tangent ares is applicable in this case also. For it 
will be observed that at the instant of starting to roll on the 
base circle, from the position shown, the ruler in the figure is 
realiy turning on the point S as a fulcrum or centre. 
Cousequentiy, if we deseribe about 8, with radius 8-8’, an 
are of a circle, the involute will be tangent to that arc; about 
7, describe an are with radius 7-7, and the curve will be 
tangent to that also. This being done at all the poiuts of 
division on the base circle, we may, by making those divisions 
small, map out our involute with great precision. By this 
argument it is seen that 7-7’ is normal, and the perpendicular 
to it at 7 is tangent, to the curve; which also, by the same 
argument, will be tangent to the radius C0 at the point of 
beginning. To this last point particularly attention is 
directed, as it is the part of the curve nearest the base 
circle which is made use of in the construction of the teeth 
of wheels, above alluded to. Evidently the involute might 
be made left-handed as well as right-handed, by unwinding 
the string in the other direction. If we consider it as traced 
by the pencil attached to the ruler, it will be seen that, if we 
move the ruler against instead of with the clock, the pencil 
will come eventually to 0, and instantly spring up again from 
the base circle, tracing, as the motion continues, that left- 
handed involute, of which a small portion, 0, is shown en 
the right of the vertical centre line. 

In the case of the cycloid, Fig. 262, the marking point is 
sup to be exactly in the circumference of the generating 
circle. But it need not be so placed ; if we imagine a wooden 


wheel, rolling along the edge of a ruler, and an arm attached 
to the wheel, but extending beyond its periphery, to carry 
a pencil, it will be seen that the wheel still controls the 
motion of the pencil and determines the form of the curve 
traced by it. This more general case is illustrated in Fig, 279. 
The wheel and the edge of the ruler are represented by the 
| circle and its tangent LL, the arm by CP, the point P being 
| the pencil. The motion of the circle is the same as in Fig. 
262, but P being external to it will trace a different curve. 
Points in this curve are easily found, since the radius C P is 
constant ; thus, as the circle rolls to the right, the point 2 on 
its circumference will come into contact with the point E on 
the tangent, AE being equal to A2; at that time C will have 
advanced to D, DE being perpendicular to LL, whence the 
direction of the generating radius D R is found just as in the 
case of the cycloid, and its length being given. R is deter. 
mined. At the end of haif a revolution, the centre having 
advanced to F, the distance C F being equal to half the cir- 
cumference of the roliing circle, the generating radius will 
be in the position F 8 ; that is to say, the tracing point 8 will 
be as far below the horizontal centre line CF as P is above 
it. At that instant, G will be the fulcrum upon which the 
wheel and its arm are turning, and as the circle goes to the 
right, the point S wili move to the left, as shown by the 
arrow, ‘The result of all this is, that as the pencil is always 
in advance of—that is, to the right of—the contact radius 
until the generating radius reaches the position F 8, when 
it lies in the prolongation of that contact radius, the pencil 
must, as the centre of the circle goes beyond F, rise on the 
left of FS, thus forming a loop in the curve traced, which is 
symmetrical about the vertical line 8 F T, as shown. 
| The method by tangent arcs applies here too, the _ of 
contact between the base line and the generating circle being 
| at any instant the fulcrum about which the circle, and every 
point which is rigidly connected with it, like the arm and the 
| pencil in the present instance, may be considered at that in- 
stant as turning. Thus, in the original position in the figure, 
| A is the fulcrum, and an are described about that point with 
| radius A P will be tangent to the curve; in the second posi- 
tion, E is the centre, and ER, equal to 2 P, is the radius of 
the tangent arc, and so on ; the successive points of the tan- 
gent being the centres, and the radii being the distances from 
the corresponding points on the circumference of the rolling 
circle to the marking point. It will now be readily seen that 
this is a perfectly general mode of operation, and that the 
curve traced by any point rigidly connected with any line 
which rolls on any other line may be mapped out in a similar 
manner. 
It is obvious that the farther the marking point is from the 
centre the larger will be the loop of this curve, which is 
called the cartate trochoid, the general name of trochoid being 
applied to all curves generated by the rolling of one line upon 
another. In the same figure we have introduced another, the 
rolling circle being the same, but the marking point being 
within it, and thus tracing a waved line instead of a looped 
one. This, which is called the prolate trochoid, the student 
} can now construct without our aid ; in selecting the po-ition 
of the tracing point, he will be guided by the fact that the 
nearer it is to the centre, the more nearly will the curve ap- 
proximate to the horizontal right line in which the centre 
‘itself travels, while the nearer it is to the circumference, the 
sharper will be the curvature of the wave at its lowest point. 
‘In fact, the nearer the tracing point to the circumference, 
| whether within or without, the greater will be the resem- 
blance of the curve to the limiting form, the common cycloid. 
In making illustrative diagrams like the figure, tor the 
| purpose of showing how such curves are laid out, we have 
already stated that there is no objection to drawing the 
}eurve itself in a heavy line, although for constructive pur- 
| poses, as for instance in designing toothed gearing, the lines 
lmust be fine. But in the former case the line must be 
}smooth and of uniform thickness, in order to produce an 
effect at all satisfactory ; it will ruin the appearance of the 
diagram, however accurately it may be drawn, and no matter 
how excellent the rest of the work may be, if the prominent 
result of the construction be rough and uneven. And it will 
be found more difficult to make it smooth and uniform when 
it is thick than when it is fine: hence it may be worth while 
to drop a hint as to a means of securing these desirable 
qualities. As to the smoothness, it is to be observed that it 
|} is in any case difficult to make a very broad line smoothly at 
| one stroke with the drawing pen. Much of course depends 
on the skill with which the blades are sharpened or “ set,” 
but experience proves that under the best of circumstances a 
very moderate breadth only can be smoothly executed with 
certainty. Perhaps one thing may influence this—which is, 
that if the line be very broad, there is a large quantity of 
ink lying on the surface, and it may spread out over the 
limiting edges before it has time to dry, At any rate, the 
fact exists ; and this last point suggests that it would not be 
desirable to draw a very heavy line at one stroke, even if it 
were possible, for it would involve not only a great waste of 
|ink, which is not to be overlooked, but worse, a waste of 
| time in waiting for ittodry. In drawing a very broad line, 
| then, it is better to proceed by first drawing two moderately 
thick ones parallel to each other, being the outer edges, and, 
when these have dried, filling in the space by drawing a 
| series of others overlapping the first, waiting for each to dry 
in its turn. When the lines are straight this is very easy, 
the parallels being drawn with the square or the triangles as 
the case may be; and circular arcs, of course, present no 
greater difficulty. But in drawing non-circular curves, there 
is a very different condition of things, for the outer edge has 
not the same curvature as the inner one, nor are either of 
| these exactly like the central or original curve from which 
|they are separated by a constant normal distance, and this 
| should evidently be the same on the inside and on the out- 
side. Under these circumstances, the selection and adjust- 
ment of the sweeps in such a way as to make just the proper 
allowance for the differences in curvature, and to secure the 
| perfect regularity and uniformity of the broad line, is some- 
|thing which involves considerable difficulty, and requires 
}much care, some experience, and a well-trained eye. 
|The method of drawing a curve at a constant normal 
|distance from a given one, illustrated in Fig. 156, may 
'be employed here to very good advantage, with the 
| modification more clearly shown in Fig. 280; which ex- 
|hibits the operation at its various stages, the breadth of 
| the line being greatly exaggerated. A B is the original curve; 
| we now set the bow-pen so as to draw a circle whose diameter 
is equal to the thickness of the required line, and describe 
any number of such small circles, with their centres on A B, 
| tangent to which we draw the inner and outer parallels, ad, 
\ef, and then proceed to fillin the space as above explained. 
The distances between the centres of the little circles is wholly 
‘immaterial ; but they must be circles, and their centres must 
be precisely on the curve A B, It is therefore imperatively 
|mecessary to have a good spring-bow; which we mention 
|again here more particularly, because it is very easy to find 
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instruments of that class which look very nice and bright, | pleasant to work on if the paper be stretched, it may be as 
and may be capable of drawing accurate circles of a mouer- | well to describe the operation now, for the benefit of those 
ately large salen, but when screwed down to a very small who may not care to pursue the subject in its application w 
ove will persist in making—closed curves, it is true,—but | the making of detail plans, or who may at any rate preter to 
flattened on one side, or otherwise far from circular, ‘This is | have the paper as smooth as possible for the work they pro- 
generally due to the tact that the spring is too weak, so that | pose to do, 

the pen, catching on any fibre or irregularity in the surface of| In order to secure the best results, attention must be paid 
the paper, ix drawn out of its proper path; sometimes it will|to a number of minute details ; the matter is very frequently 
be because t ie point of the pen is too long, so that the other | treated in a cavalier way by merely stating that the paper is 
leg has to be inclined, in which case it is almost impossible to | to be wetted, the edges pasted or glued down, and then left to 
manage it so that the inclination shal] be uniform as the rota- | dry. All of which is true, but there is a wrong way as well 
tion is performed. But whatever the cause, it may be avoided, | as a right way to go about most things, and this is one of 
and a really good instrument is well worth whatever it may | them. 

cost in excess of the price of a poor one: the difference in! In the first place, the paper should be prepared by chamfering 


operations, as the squares and triangles are not so liable to 
caich upon it, 

Next, the edges of the paper are to be folded over, on the 
face, so as to bring these roughened parts uppermost as the 
sheet lies on the board. It is not necessary to fold over more 
than three eighths of an inch all round, if the operater be an 
expert; a beginner will do well to allow half an inch. 

Probably te best adhesive material for this purpose is dex- 
trine, which may be procured at the druggist’s ; it is a fine 
powder, which is to be rubbed in a very little water into a 
thick gelatinous mass, which can be spread on the paper with 
the finger or a little flat stick ; it will not answer at all if 
made thin enough to flow or to be used with a brush. The 
advantages of this material are, that it sets quickly, and holds 


LESSONS IN MECHANICAL DRAWING.—No. 32. 


appearance may be very slight, and the selection should inall| the edges. This is done by laying it on the board, with the | firmly ; and more than that, after the paper is cut loose, the 


cases be made by actual trial. 
PREPARING THE DRAWING PAPER. 


Heretofore we have said nothing about the process of pre-| by a straight-edge laid a quarter of an inch, or a little more, | it can not be used very thin, and if it dries before t 


face uppermost on which the drawing is to be made, and with | adhering edge may be removed by simply sponging it freely 

a oe knife cutting just through the skin—or say half) and allowing it to soak for a few minutes. 

through the thickness of the paper—the knife being guided| Many use glue ; but this requires to be applied —— for 


e paper 


paring the paper by what is technically called“ damp-stretch- | from the edge of the paper. This narrow strip is then to be torn | is pressed down, there is no remedy but to put on more, while 


ing.” It was alluded w, indeed, at an early stage, but not! 


described, for the reasons there given, which were, that it is 
advisable for a draughteman to be able to get along without 
it, that it took up considerable time, and that the accuracy of 
the work is impaired by the contraction of the paper when it 
is finally ent loose. This last is the most important objection 
when working drawings are to be made: but it is, evidently, 
of no consequence if the drawines are merely illustrative 


and as the surface is unquestionably much more smooth and ' 


off, care being taken to exert the pressure downward and in| if the like happens with the dextrine, it is only necessary to 
such a direction as to pull the strip a little away from the | wet it again like a postage stamp—the gum on which, by the 
sheet, which may project a little over the edge of the board— | way, is in large part composed of it. Again, it is almost im- 
as shown in Fig. 281. — to soak the glue loose again, and it is at best a dirty 

The result of this is that the back of the paper will be left | and disagreeable materia! to handle in this way. If dextrine 
not only thin, but rough, for a narrow space along the edge ;| be not at hand, the best substitute is a thick paste, made by 
which serves a double purpose. In the first place, the adhe- rubbing wheat flour in cold water until perfectly smooth, 
sion will he muel more perfect, and what is quite as impor-| after which warm water may be added, and the whole boiled 
tant, the thinness of the edge greatly facilitates subsequent! with constant stirring until it becomes a gelatinous mass ; if 
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desired, the water may have a little glue previously dissol ved 
in it. 

Supposing this to be settled, we proceed to turn the r 
ona lay it face downward ; the back is then liberally 

tted, the ge being rubbed on it as little and as lightly 
as possible, since that would tend to remove the sizing. The 
front or face, of the paper should never be wetted ; the sizing 
is to some extent removed as it is, so that the suriace is not 
quite as smooth as before wetting, at least with the hot-pressed 
papers ; and it would be still worse if the face were sponge !. 
Care should be taken to have the paper wetted as uniformly 
as possible, which’ can only be done by careful use of the 
sponge, a8 the sheet will tend to curl up at the edges an | 
leave a hollow in the centre. Time mu t be given for the 
paper to become thoroughly damp and lim»; ani this time 
may be best occupied in cutting a number of strips of waste 

r, an inch or so wide. 
he sheet is now to be carefully taken up, ull the surface 
water allowed to drain off, and then laid once more in posi- 
tion on its back ; it is almost needless to add, that the board 
should be clean and free from dust: a very small ee of 
any solid substance, such as a shred of rubber, will be very 
annoying if allowed to remain under the paper. 

The operator should have at hand a sheet of thin paper, say 
like ordinary foolscap; this is to be laid on the centre of the 
dampened sheet, and the wrinkles in the latter pressed and 
rubbed from the middle out toward the sides and ends first, 
toward the corners last, until it is as smooth as may be; this 
rubbing should be done with a soft rag like an old handker- 
chief, but this ought never to touch the surface of the sheet 
itself, the thin ey being always interposed, as otherwise 
the surface will be frayed or roughened. 

We now begin the operation of pasting down the edges, at 
the middle of the length, if the paper be longer than it is 
wide, One of the strips seudivedly cut should be put under 
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the fold, so as to protect the face from being soiled ; about 
two thirds of the longest side may be gummed at first, the 
edge then turned over, drawn toward the edge of the board 
as firmly as possible, and then rubbed down. A clean strip 
of paper should be laid over the edge, however, and the 
tubbing, with a smooth knife-handle or the like, done over 
that strip, and not directly on the sheet itself, for if it be, 
there is danger of tearing it. The middle of the opposite side 
should next be similarly treated, care being taken to pull it 
as firmly as possible toward the edge of the board ; and it is 
well to stick a drawing-pin where the gumming or past- 


ends. 
a now go to one end of the sheet, and repeat the opera- 
tion, and then to the other: the corners, thus far left to take 
care of themselves, are finally taken in hand one after the 
other, and the sheet is then left to dry, after which it will be 
perfectly smooth and tight. 

We have met with instructions to the effect that the proper 
way is to wet the whole of the u surface, including the 
edges, and to fasten down the whole of one side or end first, 
then its next neighbor, and so on round. But we do not 
hesitate to join issue on these points ; especially as to wetting 
the face on which we pro’ todraw. Astothe edges, there 
is no necessity for wetting them at all, in the case of a sheet 
of ordinary size—an ‘‘antiquarian” sheet, 31 by 52 inches, 
may be very successfully stretched without it ; and evidently 
there is risk of impairing the adhesion if the edges be 
dampened. In stretching exceptionally large sheets, it - 
bly might be advisable, after wetting the paper on the , 
to wet the edges in front, so as to equalize the expansion 
caused by the moisture ; but for all ordinary ranges, the pro- 
cess above explained may be relied on to give most satisfac- 
tory results. 

e board ought to be perfectly clean, and it will be all 
the better if the outer parts at least, to which the paste is to 
be applied, are sand-papered just before using, unless 


board has been previously employed in the same way, because 
the dirt and dust which get imbedded in the grain are apt to 
preveut adhesion. 

The force with which the paper contracts while drying is 
something quite surprising ; and it is well if the board is 
made slightly convex on its face in the direction of its breadth, 
—if not absolutely a plane surface, it ought rather to be ‘con- 
vex than concave, for in the latter case the paper will not 
hug the face of the board, but will be slightly separated from 
it iu the central regions ; which is very unpleasant, and the 
points of the compasses are apt to force their way through, 
when they would not do so were the paper absolutely in con- 
tact with and supported by the board. 

When the paper is stretched in this way, the work ought 
to be executed as promptly as possible, use if left too 
long the paper yields under the strain, and the board contracts, 
or both, so that wrinkles make their appearance ; and when 
they come, they come to stay, and the result is that all the ad- 
vantage of smoothness gained by stretching is more than neu- 
tralized. If the drawing is to be one from which accurate 
measurements are to be made, a scale ought to be drawn on 
the paper ; then when the — contracts, the scale does 
too, and the presumption is that it does so in the same propor- 
tion, though this is not absolutely certain. When the work 
is completed,the paper is to be cut off with a sharp knife, 
care being taken to have the line by which it is cut well within 
the pasted part; for it is exceedingly aggravating to find a 
corner or a spot anywhere in the edge stuck fast to the board. 


Asa precaution against this, care should be exercised, while 
putting the sheet down, to rub outward, after the edge has | 
been gummed and turned over ; by this means we avoid the | 
spreading of the paste toward the centre. In cutting the | 
paper loose, also, it is to be stated that it is best to cut clear 
across one side or end, and then attack the adjoining ane, and 
so on in succession. ‘This should be specially observed ; we 


have seen the two opposite enas or sides ¢ut loose first, with 
the result, that in cutting one of the intermediate ones, the 
paper would tear across one of the corners as the knife ap- 
proached the transverse cut. This would only happen, of 
course, When the paper was very tightly stretched, 8» as to 
be still under considerable tension ; but it can just as well be 
avoided as not, by attention to the above simple suggestion. 

We may now properly pause for a moment to consider what 
we have done and what we have still todo. In the serics of 
lessons which has preceded, one object aimed at was to induce 
some, if possible, to devote spare moments to the acquisition 
of a fair degree of skill in drawing, who without them might 
not have done so. In order to do this, we have attempted at 
first to point out tat much may be done by the exercise of 
patience and by assiduous practice, with comparatively few 
and inexpensive instruments, in the belief that if a beginning 
were once made, and a taste for the occupation formed, the 
interest aroused in the minds of such learners would be per- 
manent and of itself induce them to continue the pursuit, and 
to procure, as opportunity offered, such additional articles as 
might be necessary. 

Another object was, to give information to such as had 
already the desire to learn, of such a nature as might enable 
them to do well what they undertook. In the absence of 
personal instruction by an expert, the student must rel 
upon that which can be expressed in writing. And though 
there are many treatises upon the subject of mechanical draw- 
ing, it may be said without hesitation, that the majority, if not 
all of them, relate more to the theory than to the practice ; 
the minute points in relation tothe selection and manipulation 
of the instruments, upon which much depends, especially at 


the beginning, are too often, if not always, left for the learner 
to acquire by experience or the aid of a teacher. To the best | 
of our ability we have endeavored to supply this deficiency ; | 


tage ; and in the selection of preliminary exercises we have 
tried to make them such as to give the learner in the least 
possible time the most perfect command over the instrumeuts, 
as well as to train his eye to the detection and his hand to 
the avoidance or correction of faults. 

Keeping in mind that the ultimate application of mechani- 
cal drawing is usually to the drawing of machinery, the next 
step was to the actual repre-entation of solid objects in the 
manner in which they are drawn for constructive purposer, 
that is, in projection; after which the construction of such 
cases of intersecting solids as are always to be met with in 
mechanism were introduced. The en of projections, as 
an abstract and preparatory exercise, was an absolute neces- 
sity to the making of any satisfactory progress in their appli- 
cation, Possibly, one might uire skill in drawing ma- 
chinery by beginning it at once; but it would be a compara- 
tively slow and painful process, since the learner would be 
continually meeting with cases involving new principles, and 
would be obliged to stop and master these as fe went along. 
And the same may be said of sections and intersections; 
though by no means all the cases that would ordinarily arise 
need be studied as independent exercises, some such study and 
practice as we have given, is almost as essential a preparatory 
work as that relating to projections. 

Now, we have reached a stage at which the drawing of 
machinery may be profitably taken up, and we propose to 
treat of it in succeeding lessons, and to show, as be as our 
experience enables us to do s0, how working drawings and 
general plans are made. Not, however, to the exclusion of 
exercises of an abstract nature ; for, aside from the fact that 
such exercises will be found of service in the mere representa- 
tion of mechanism, in which many new combinations will be 
met with from time to time, they will have a bearing on 
branches of the subject not yet touched on—we refer to 
shades, shadows, and perspective, of which some knowledge 
is desirable to ail, and essential to the finished mechanical 
draughtsman. 
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And here it may be well, in view of the instructions to fol- 
low, to speak more particularly as to the meaniug of the word 
draughtsman. ‘The boundary line between drawing and en- 
gineering is a very broad and faint one, so that iu this country 
at least it is not easy to say just when or how or where one 
ceases to be a draughtsman and becomes an engineer. For 
our purposes we shall draw this line a little more distinctly ; 
we do not propose to teach engineering, for if we did we might 
teach heresy, or be accused of it, which is much the same. 

Now, the province of the draughtsman, we take it, is to 
execuie what the engineer plans. The proportioning of parts, 
with reference to strength and durability, is the duty of the 
engineer ; it belongs to him to determine what strains and 
what wear a given piece is to stand, and how large it must be 
to do its duty. How he does this it is no part of the draughts- 
man’s duty to inquire; whether he places his dependence on 
abstruse calculations, or whether he is guided solely by 
experience and observation, conceriis him and no one else. 
We do not mean to say that a draughtsman is not to ask 
questions, and learn all he can; but when he asks them he is 
not drawing, but studying engineering : and if he takes part in 
making these determinations, he is, in so far as he does so, an 
engineer. It is his duty to follow the designs of the engineer, 
just as the mechanic should follow the plans of the draughts- 
man ; the latter is a mean proportional between the other 
two, and their relations might be expressed in a formula, so 
dear to the analytic heart, deduced thus : 


Engineer : Draughtsman :: Draughtsman : Mechanic, 
whence ExM=D*, 


In a word, it is the province of the draughtsman to make 
drawings of what the engineer decides to be properly propor- 
tioned ; but he is to make these drawings correctly, and there 
is much of the nature of planning left for him to do also, 
since not only is each part to be drawn in detail, but the 

neral arrangement of the whole is to be such that all parts 
shall fulfil their functions and perform their motions without 
interference, whence the plotting of mechanical movements is 
a necessary and important element in his education. 

Probably one of the reasons, if not the chief reason indeed, 
for the unquestionable fact that a chief draughtsman in a 
machine shop is really an engineer, and that the distinction 
between the terms is so vague in ordinary use, is that it is 
almost- impossible to acquire the skill necessary to draw 
machinery with facility, without also acquiring a fund of 
practical information in regard to engineering : whence it has 
come to be taken for granted, that he who claims to be a 
mechanical draughtsman possesses, and must make use of, 


| such information. 


But it is not so of necessity ; and even if the two kinds of 
skill and knowledge are in the possession of one individual, 
they may notwithstanding be separately considered. And we 
propose to separate them accordingly: giving in illustration 
of the drawing of details examples taken from approved 
practice, without undertaking to expound the principles upon 
which the determination of the dimensions depends, but con- 
fining our attention to the matters relating to the execution 
of the drawings ; in regard to which we have things to say 
which, we hope, may prove both of interest and of value to 
our readers. 


TO UTILIZE BONES. 


How to utilize bones without having to carry them a long 
distance tc be ground :—Unless the quantity is very large, the 
bones should crushed fine as possible with a heavy iron 
hammer, mall, or with a Jarge stone mortar. Place the frag- 
ments in a heating compost of yard manure and ashes, takin 
care to moisten it freyuently with liquid manure if to be had, 
or with water in default of the urine. By spreading a thin 
coat of fresh earth or plaster over the pile, the escape of the 
valuable ammonia will be prevented. Six months’ time will 
suffice to disintegrate the bones and produce as complete snd 
effective a manure as can be made on the farm. The propor- 
tion of ashes to bones should be at least an equal amount of 
ashes as of bones; more will do no harm. e larger the 
amount of manure, within reasonable bounds, the better ; at 


to describe the implements and their uses in such a way as to _— two or three times as much as of both the others is ad- 


the | enable the reader to select and to use them to the best advan- 
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Analysis, blow-pipe Award of Bessemer Medal 22 of guns, erosion of | Car couplings, new Cities, fireproof........... Cotiages and 
Analyzing air . Award of prizes, French Acad.. 119 Bosnia’s resources Car, new steam street Citric acid... Cotto cylinders............. 2 
Ancient aqueduct Awards 198, 226 Buston, sewerage at Car, new street City of Brussels. Cotton, Brazilian, ‘at Ex.... 516 
Ancient Peru... Axles and wheels, tany Car, pneumatic Civilizations, remote... Cotton fabrics 
Ancient water-works- Azores breakwater Boyd Hill gas well Car, railw: iy. refris Clay, red, ocean Cotton, finishing . 
Ancient mon oe Brain, alcohol om,.... ot Car, spring-prope lled.. ..*725, *741 | Cleaner, safety lamp... Cotton, hai thao for dressing. 135 
Ancicnt Chinese statues, B Brain, alterations of, in fevers | springs at Ex.............. 465 | Cleaning wool Coitow pickers, support for. ...*240 
Ancient alphabets ive Backgrounds, prop. phot Brain and imiellect | Car, steam street.... .-.. *566 | Cliches, pellicle, production of, Cotton, raw, packing By 
Ancient Roman villa ........... 613 | Bucteria as cause of disease.... 46 Brainard Milling Machine Co...*722 | Ca ir, street, condenser. .*488 | Climate of glacial period ..... Cotten wadding, salic ylic vs! 
Andesine cs eeecseesee 405 | Bags, paper waterproof.... 304 Brain, changes in enone 255 | Car, tram, ‘compressed air Climate of poles. Counter-skiving and welt mch *101 
Anethol, derivatives of.... 45 | Balance, chemical 467 | Brain, factions of 179 | Car truck shifter. .............. Climbing chimueys, appar. ‘for. . 513 
Auiline b ack Baldwin locomotives *371 | Brain wounds, curious 107 | Car-wheel boring machine. .... 518 | Climbing plants... ... Cou » Gar... 
Aniline black inks ... Balloon, mouster ....*726 | Brain fibres & a 651 | Car-wheel works. ........... .. 490 | Clock, century. Coupl , railroad 
Aniline blacks, ceriam for. Balloon muskct rake, air, trial of 942 | Car-wheels and axles..........*173| Clock chimes Coupling reds, locomotive. ... 
Auiline black, electrolytic Ballogus Brake, electrical. .. .+..*907 | Car-wheels, foreign............. 448 | Clock design Cousins, marriage of.... 
Aniline black, production of 20 | Ball-puzzle .. : Brass and bronze finishing. .... 620 | Car-wheels, improved.........  *2/ Clock, novel Cows, good, profitable 
Aniline ygreen.... 52> Bamboo and sugar-cane pape r.. 288 Brayton’s hydro-carbon engine. *529 | Car-wheels, turned chilled. .... 27 | Clock, three-wheeled Cow, how long to milk... 
Aniline, new reaction . 687 Band saws Brazil at Ex 114, 325, 516) Car for single-rail railway... i Clock, Westminster Crab, curious. ... 
Aniline colors 461,496 Barium 537, 553 «Brazilian coins 417 | Carbolic-acid spray Closing ceremonies. ........... Crane, 1i0-ton. 
pyre, preparation of 237 Barometer oscillations 743 Brazilian railw Lys. 39 | Carbonic acid in minerals Cloth-cutting machine..... Crane, hydraulic. ......... 
Auinal pro lucts, judges of 468 Barometers 574, 743, Brazilian R.R., locomoti~ e for..*659 | Card, publisher's 6 Cloth, embossing-machine for.. Crane, travelling. ... 
Animal life in veean Barrel lifter *731 Brazilian silkworm= 417 | Cardiometer, sphygmo: graph ..*117 | Cloth, feather, new fabric. ..... Crane, travelling bridge and. 
Animal electrical currents... 78) Barre machinery........ Brazilian steamer, new . % | Carnauba tree ... . 288  Cloth-testing machine.......... Cranes, locomotive. 
Anima! matter, action of ozone 147) arn, octagonal ceseeee "20 | Brazil, precious stones in 510 | Carotid, tying, for neuralgia -. %® Clothing for boilers.. .. Cranes ou shaft, ple ving 
Animal organism. infla. of light 271) Bars, planished reund.... 713 Bread, color by inciueration 170 | Carpenters, Japanese ... 399 Clothing, furs, ete , judges of. 4403 Cranial pre=sure 
Auimals 651 Bars, of, after stress 283 Breakwater, Azores 210 | Carpentry Club, Smithfield. . Crank-shaft, how repaired... 
Animals, curious marine base, new Breakwater, improved | Carpets, ‘Brussels Clubs, iceboat, organizy ition of 12 Crank-shaft, steamers 
Animais, eocene this ball, improved *102 Breakwaters on the lakes | Carriage anuex........ ... 576 Cream-of-artar 
Auunals, extinet Basin, alluvial, of Miss. ..*162, * 211 Brewers’ Hall at Ex ‘2 Carriage buildin Coal, anthr., from spring water 271 | Creation, order of. 
Auimais, intelligence of Basin, tertiary lake, new. 2 Brewing, use of sug Carriage exhibition Coal, bitam., price of, in N. Y 93 Cremation in Milan 
Auimals, man Bathing Brick-lay:ng machine, Carriage hotel, horse, ete...... 324 Coal-dust and petrol. furnace *125 Cremation, tical... 
Avimals, respiration of Kathometer Brick-making machine (  Coul-mine, Russian, locomotives 87 | Cresson, Dr. J. C.. 
Annealing metals by | Gath-, San Franc isco free.. Brick-making machine, new ( gun, Moncrieff *76  Coal-oil ex. gas. . 25 | Croton aque proposed. 
Annealiug car-whvels Batterie«, earth .........0. Bricks, slag, resistance of Carrier pigeon, cat substit. for 777 | Coal-tar, anthracen in ..... 693 Crushing resi-t. of slag bricks 
Annex, hydraulic #519 | Batteries, economical Brick wall cleanin opparatas Carrots for cattle... 110) Cryst surfiees of metal 
Anthracen oil, treatment of. 275 | Battery Bridge at Pittsburg bond 7i2 | Coals, West ‘Virginian...... .. Crystal ization 
Anthracen-sulpho-acid, alizarin *39 | Battery, improved Bridge, Bruyklyn, | owers of Curs, passenger, le ngih ‘of... 401 | Coal, work store eee . 453 | Crystallization of lead . 
Authracen in coal-tar 603 | Battery, new. .*129, 493, ‘#524, Dal, Sweden Cars, railroad, steel - .... 9506 Coast survey instruments *447 rystalliz.cion of water. 
Anthracite coal from «pr. water. 271 | Battery, thermo-e lectric ~ 5 | Bridge, draw, Thames propose d*289 | Cars, railway freight........... *285 | Cobalt and nickel, sa A Crystallization of wrought iron. 8 
Anthrapurpurine | Bayonet polishing #529 | Bridge, River Suap | Cars, snow. new . 17 5 Crystallized glycerine... 167 
Anthropological lustitute.. Gexure Of. | Bridge, Girard avenue. *10, Cars, spring propelled. *75T | Cobalt and zine | Crystallized organic substances 405 
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lized wood and paper... 106 | Engines, old American. *706 | Fitting-blocks for boilers = Geological coll., Australian. ...*259 | History of magnetism .. 
Crystals, formation. ....... . 181 Engines, knocking in.. on of eosine........ Geological exploration 262 History of art ........... 
Crystals, measurement of ..... -... 7 Engines, electro-motive ....... 295 | Fixation of white indigo ‘ e Geological Society, Royal. . .255, 204 Histor; of Am, p 
Crystals, snow, artifi. prod. o of i ««+++++ 622 Engines, horizontal, piston for.*249 | Flame, solid Geological formation 8 Hiving in high trees 
Crystals, sulphur .... 568 Dynamite ‘manufacture........- Engines, Corliss, 24, 370, *402, *403 Flame eory . Geology Hog-killing ............ 
Culmer Spring Co.............. 465 Dynamometer reaper tests..... 680 Engines, Hampson & Co.’s.. ..*404) Flames, transparence of........ @1 Geology, luuar..... Hogs, foul feeding . 
Culture ander glass eee 208 Dyspeptic asthma ............ 781 Engines, pumping, Cornish.... 305 | Flax manufacture..... ....... 3% | Geometrical instruments....... 620 Hoisting apparatus . wield 
R E Engines, pumping, for Hull. trade, Russian ... German exhibits.... ........ . | Hoisting engines 
Cupreous solutions .......--.-- 279 Engines, pumpiag, improved. . #292 | Flax, New Zealand.. . 1% German chemical industry...... 609 | Homes in American cities ‘ 
Carative prop. of water-cress.. 500 Eads, J.B... ....... Engines, pumping, new 55 | Flax, hemp, etc., rotting of...:: 135 German and Amer. naval forces. 71 | Honey extractor Bites! 
Cure for hemorrhage..........- 274 Earth. arable..... Engines. ...+ .294, 370, 374, 386, 404 | Flea, embryogeny of of.. 58 German ironclads.............. 35 Horizon, artificial...... er ae 
Cure for neuralgia ... . Earth, vrowth of 339 Fleet, Cun: #2 Germany 672 Horns, fog. . 
Cure of cold in head............ Earth, internal heat - Engines, pumping............. | Flesh shower. ......... 426 | Germination in ice........ .... 776 | Horrocks, Jeremiah . 
Curvature. spinal, cure........ Eart: batteries... *774 | Engines, Corliss. ..... Flexible shafting, Stow -*816 | Geyser, New Zealand..... ..... 262 | Horse, perfect ................ 
Curvilimear roofing. ....... .....*663 Earth's interior temperature... . 508 Engines, Belgian............... 370 | Flexure of beams.............. 262 Gimmal finger-rings. ...... ... *686 | Horse, peculiarities of ....... 7 x 
Cutis, plasma, tubes of... .. Earth's temperature. ....... . 745 Engines, horizontal... ........ Floating and dock. ..*392 Girard Avenue Briige.. .*9, #49 | Horse-power, portuble ........ *771 
* 728 | Engines, Buckeye........ ..... Floors, concrete ............... 564 | Glacial epoch, causes....... ... 307 | Horse-shwe .... 20 
Cut-off, Sickels....... ... Earth's magnet., eff. of sun on = Engines. locomotive 405 Glacial period, 6 | Horse and carriage accom. .... 324 
Cutter, bevel wheel............ Flora of New Caledonia........ *336 | Glacial periods, 235 | Horses and cattl-, carrots for 709 
Cutting, cloth, machine. . East River susp. bridge. ..*675, *755 | England at Ex Floral designs ......*228, *442, *542 | Glaciarium... *550 Horses, substitutes lor....... 739 
Cuttin s, striking............ . Ebullioscope, new............. #269 | English chan. tunnel ..*124 | Flour, fancy middlings 389 | Horses, furm, feeding.. ...... 
Cutting tools for lathes irk Economica batteries........... 452 | English chan. passage.......... 110 Flour-mills, United States...... 589 | Glass, colored, new use... . 401 | Hors: s, fast-waiking........... 183 er 
Cutting tools, height of Economy in raw material...... 124 | English railway 142 | Flour-mills, porcelain roller... 617 Glass, coloring of........ ...... 112 Horticultural frauds... . 155 ' 
Cuvier against evolution Economy of fael in engines... 612 | English chem. . 637 | Flour-mills, roller........ ..... | Glass etching.......... ........ 108 | Horticultural ... ........ ..... 7% 
Cyanide-cyanate of chioral..... 405 Economy in water ........... 424 | English engines................ *423 Flowerpots and vases .........*272 | Glass, colored, manufacture.. .. 129 | Horticulture ... «150, 306, 608 i 
Cyanides, sulpho, action of..... 43 Economy of electricity 441 | English iron and steel at Ex.... 416 | Flue, boiler, incrustation....... 19 | Glass manufacture. ...++. 718 | Hospital, Bellevue .........:: > 
Cyanogen and oxygen . . ..... 351 | Educational dep’t.............. 82 English railways, locom. on... 694 Fly- -wheel di aw Ee 421 Glass, judges of, at Ex. .... 468 | Hot-air engine................. *768 
Cylinder, multi-, engine. |... #349 | Eel, electric ........ ..... 375, 796 English porcelain............ . 130 | Fiy-wheel accidents..... .. 76, *604 | Glass, printing on... . “ 
Cylinder, tri-, engine........... 396 Eggs, putrefaction of.......... 76 | English buildings... ......262, 309 | Flying locomotive.............. 793 | Glass photographs for colors... 454 | Hot-blast 1 
Cylinders, cotto........ 223 Egypt . g9 | English exhibits .. 282, | Fo Globe, geogra; | Hot-blast stove. ....... 
Egyptian antiquities 568 | nglish sugar machinery....... 321 | Foliage, movements of........ 616 | Globes at Fr. #48 | Hot-house culture, easy.. 
D Egyptian pyramid English presses....... a, 374 | Food, value of..........-...... | Gloss for dyed fubrize Hotel, Transcontinental 
Damage by wind ............. E Eighty-one ton gun. ees ae English sewing-mac hines.. _.. 388 | Force, transformation of. ..... 436 | Glow-worm . : | Hotel, horse and carriage..... 324 ‘ 
Dammar varnish,......... Ejector, steam ... ....... _..*992 | Engraving machine, new .. 448 | Force-blast blowers .. .... *799 | Glucose for tanning... House drains, London.......... 
Dangerous ga-es Electric light........... 429, 526, 669 | Engravings, restoring... 692 | Foreign ... 219 | House drainage 
Dangerous preseri tion. Electric battery .... ......... +749 | Enlargements & transparencies 782 | Foreign goods, arrival. #260 | Glycerin, oxygen On...... ..... | House-plants. .... 
Danzers, fly-wh Electric musical instraments... 724 | Entomological Society...... 15, 118 | Forvign governments at fair... 10 | Glycerine, erystallized | Household ornaments. . 1008 
Dangers of chloroform. Electric illumination...... ....*599 | Entrance, main ............... | Forging, hydraulic.... ........ 712 Glycerine mounting cement.... 781 | Hadson River Bridge ......., 
Danube straightening .........*313 Electric earth- transmission... 536 | Entrances ......... .......306, #388 | Form aud strength .... .. ..... 660 | Goat and commercial 102 | Human origin, sudden... ..... 649 
368 Electric discharges.... ....... £93 | Eocene animals .. ..... 307 | Formuia ior lanes....... ...... 322 | Gold in India...... 295 | Human px rsonality 812 
Dauhreelite .... ..... Electric, magneto, telegraph 441 | Eosine.. | Fossil, OS a *389 | Gold substitute ....... ... .. 29% | Humbeldt Bay, ¢ . ae at *48 
Davits, improved boat Electric batteries, #724 | Eosine, fixation Fossil, new ........ | Gold and silver, where go...... 291 | Humming bird wings ... 661 
Davits, ship's... .......... 23 Electric gas-lighter.. *698 | Eosine on stuffs ... Fossil footprints ......... ...*335 | Gold varnish.... . .. ..... 657 
Deaf and Dumb Institution .. 734 375, 796 | Eozoon . Fossils, new chalk .............*590 | Gold-washi Japanese 222 | Husbe indry, patrons of ..... 466 
Deafness as intracranial 781 | Electric transmission... .. 421 | Epsom salts... . eee 97 | Forsils, deformation of. .... -- 342 | Gold and silver. ..... O01 | Hussar, H. M. frigate .... ..... 403 
Death record, Ins. Co.......... 652 Electric conduction...... . .. 599 | Equation, personal. . ......... 680| Fossil=, Australian’... ..... .. *259 | Gold in pyrites .... ...... ... 731 | Huxley, Prof., in Am.. 649, 667, 700 
Death, natural............ . 226 Electric decomposition.... .... @00 | Grythrogen......... ......... 601 | Foundation, sub-marine. | Gold quartz specimen. .. ...*451 | Huxley, Prof., on Niagara. . 60 
Decomposing furnace. .....*803 | Electric machine, Gramme..... *654 | Erythroxylon coco............. 331 Foundations, new construction. "245 | Gold and silver process. we rae .. 92h 
Decomp. and combina! jou, elect. 492 Electric battery, thermo.. ..... 555 | Errors of ocular estimation .... 384 | Founding and moulding ....... *751 | Gold and silver............. 612 | Uydraulic annex. 
Decomposition, chemical...... 600 | Electric discharges. . . 796 | Etching glass ...... .......... 103 | Fountain, boiling......... ...."616 | Goniatite, largest... ....... .. 247 | Hydraulic features............. 150 
D composition of albumen... .. 274 | Electric lamp........ 796 |Biernity, earth’s............. 650 | Fox, arctic... «eee 18%] Goniometer ...................9477 | Hydraulic power... ...... 453 
Decora‘ion, tin-foil ... ........ 167 Electric combin. and decom) 492 | Ether .... 423 | Fragrance 243 | Goose-quill, uses.......... .. 128 | Hydraulic mining.............. 157 
Deepening channels............ 397 Electric act. on particles 505 Etheric force... 4 *324 Hydraulic exveriments......... 286 
Deepening mouth of Miss’ ippi.. 728 Ele tric motors... ............ 605 | Euthanasia, natural. . 226 | Frauds, horticultural. . ... 155 | Gould fire-engine...... .. .. 419 | Hydraulic crane........... 
Deepening river beds. .... 246 Electric conductors, resist..... 302 | Evaporation and pe rcolation... 250 | Freight cars. “28 | Gout, diet for, essseeee 197! Hydraulic locomotive.......... 
Defences of London............ 139 | Electric current in amalgams... 199 | Evolution .........215, 629, 649, 667 | French Ae. of Sci. See Acadeuny. Government building, “Japan Hydraulic machinery, See St. 
De itist# hvalth.... ........... 651 | Electric, magneto, mach... .... #257 | Evolution, evidence of.... 651, 2700 | French science societies... 434 ese... *169, #200, *387 Gothard Tunnel. 
Deo lorizing petroleum. ....... 620 | Electric spark, inereasing...... 271 | Evolution, 77 | French Exposition of 1878 591 | Government building, Spanieh .*260 | Hydraulic rams......... ...... 
Department, U. S. Executive... 307 | Electric secondary batteries... #65 | Excavating machine... ... ...*455 | French ironclad, new........... 600 | Government building, Sw edish. *281 | Hydraulic shears.............. *352 
effect of glass, resin, ete. 537 | Electric toy locomotive... ... | Excavator. 314 | French railways........+....... 694 | Government building, U. #307 | Hydraulics 
Devot, P. RR. ....69, 337, *345, 361 | Electrical visitors’ register.321, #388 | Executive 307 | Freezing of colloids....... .... 534 | Government building, Briti» h..*309 | Hydric chloride... 
De sign, #228, #442, Electrical brake ....... ...... *g07 | Exercise, gymnastic ........... 701 | Freezing app., temperatures by. 106 | Government building, Brazilian*325 | Hydric fluoride, etching glass by 103 
Desizn, ornamental.......... #44 | Electrical vortices ... “#606 | Exuibition in Finland.......... 274 | Friction bet. tires and rails..... *173 | Government building, U. 8.. #307, | Hydric peroxide on ok Moneas 351 aN 
Design for mantels............. *814 | Electrical conductors, expan. of 654 Exhibits of boats.............. | Frogs, respiration ... ......... #369, "386, #496 | Hydrocarbon furnaces. ... .*125 
Designs, carved panel.... .....*798 | Electrical currents, animal..... 478 | Exit gates............ Frost, urtiticial prevention of....384 | Grading land, new ae ess. ....*192 | Hydrocarbons, fluid, in furnaces *47 
Designs, panel....... ...... ..*686 | Electrical experiments......... *326 | Expenditures........ | Frozen water-pipes, thawing... *2 | Grain drier... #240 | Hydrocarbons, preparation of. 434 
Dexigns, ornamental. ...... *702 Electrica! machine, new........ *129 | Experiment, lecture............ Fruit syrups.............. Grain, prese rvation of. .... Hydrocyanie acid on insects... 797 
Detecting butter adulteration... 91 | Electrical induction............ 77 | Experiment, curious... | Fruit jars, novel............... 129 | Grain-weighing machine. *715 | Hydrogen, absorpt. of, by organ 
Detecting arsen. paper- hangings 394 Electrical regul. for Leyden jar. 71 | Experiments, agric ultural...... 23 | Fruit, Michigan..... . 333) Grain-drying machine.... .. . “#715 | Hydrogen and n. 4 
Detecti ig wood in paper ...... 230 | Electric] musical transmis... *92 | Experiments, electrical ........*326 | Fruit trees, 590 | Gramme mag. elect. machine... *257 Hydrography......... ....,. 
Detecting copper, cadmium, etc. 287 Electrical fuses .. ............ 405 | Experiments on firearms. ...... 29y | Fruits products, California. . 110) Grape management. ... 709 Hydrophobia. . . 299, 
Detection, acid in nat. waters.. 203 Electricity, economy of. . : 441 | Experiments on flex. of beams. 22 | Fruits, wild, uses of ....... ... 776 | Grape-vine, mammeth, at Ex..*481 | Hydrophobia, brain ‘changes... 
Development, self, of ova...... 305 Electric ty, thermo. 429 | Experiments, hydraulic........ 286 | Frue 574 | Grapery and greenhouse. ..... 634| Hygienc, school.........! ie 
Dextrine manufacture . .. 621,809 Electricity, lighting gas by.. henna *456 | Experim’ts on rock schistosity, 342 | Fryer process.................. *172  Grape-vines, Am., in Germany.. 195 | Hygienic and life-saving con- 
Dextrine in urine....... 34 Electricity on agriculture...... 796 | Experiments with torpedo ....*337 | Fuel, artiticial.... . Grapes, packing. .... . 175 
Dixbetes, arsenic in Blsctriclty.... ...19, 568 | Experiments with S1-ton gun... 35 | Fuel, fluid in furnaces “47 Grapes, ripening. . 195 | Hygrometer, new. . “9212 
Dial, self-recording. .. aa Electricity, annealing metals by*129 | Experiments on vegetatiou : 8% | Fuel, soft wood for............ 446 Graphic method of teaching . 103 | Hypodermic sctations, valueof. 87 
Diamond fields, African.... ... 232 Electricity in ear diagnosis.... 186 | Experim’ts, recent radiometric 459 | Fuel, artificial.................. 633 | Grass, twiteh....... .... ; 684 | 
Diamond mill-stone cutters..... 99 Electro machine, magneto. ....*6%2 | Exploration, African. .. 118, | Fuel, economy of, for engines.. 612 Grav e, Saxon lady’s............ 141 
Diamond combustion..... ..... 637 Electro-ac tivome ter.. ..... ... 500| Exploration, “Challenger”... Function of Kidneys........... 58 | Gravel and sand-driers Ice, artificial, for skating... .. 
Diaioms absorbed by plants. ...*590 Electro-maynet.... ............ 433 | Exploration, sub-W: 262 | Functions of leaves . Ice-boats, building aud sailing 
#648 Electro-motive ts of light... 441 | Explorations, South American... Furnace charging app... Grooving, bor., and turn. mach.*356 | Ice in Great Britain............ 
525 | Electro-magnet................. 32 | Explorations, Arctic .. .. Furnace, fluid fuel for *509 Ice prospects... .............. 
*477 | Electro-maznets, improved..... 367 | Exploring boats, Afric “160 Furnace, gas, Bicheroux’s..... *88 Great Britain at.......132, 262, Ice machine.... ........ 
Digestion in i 32 | Electro-motors.... ............ Explosion, Thunderer”’.. *614, 627 | Furnace, iron, Cal..... ........ 226) Greenhouse end grapery....... 634 | Ice machine, new ............. 
Digestion of insects............ 304 | Electro-motive engines......... 295 | | Explosion, iron furnace........ 789 Furnace, laboratory. ere *315 Greenland meteorites... .*510, #671 | Ice, preservation of ............ 
Digging machine............. .*455 | Electro-mechan. telegraph...... *80 | Explosion in chem. manufac’ y. 35 | Furnace, steel, improved... .. *197 | Grilles, wrought-iron. ........ *702 | Ice-skating, summer....... 
Diphenyl. 434 Ele tro plating, cobalt .... 207 | | Explosion of bucket of water... Furnace, decomposing. ........ *305 | Grinder, tool. . .*440 Ice, seeds germinating in 
Diphtheria. . 43, 186, 597, 813. Electro-plating' with bismuth... 44 | Explosions, fire-damp Furnace, puddling . . .. .....*393 | Grinding and polishing, No. 1..*488 | Icelana ash-shower 
Dip'itheria remedies....... ... 797 Electro-magnetie rotations. . 526 | Explosions, boiler...... Furnace, new puddling........ | Grinding and polishing, No.2 *540 Idlers, military........ ...... 110 
Directors ..... ...... .. 806 Electro-magnetism, hist. of..... 441 Explosions in mines. .......... 390 | Furnace crucibie, rep. in blast. one Grinding, tool, machine... .... 149 Ignition of eeees, simultaneous 306 
Discoveries, African............ 749 Electro-magnetism.......... ‘ | Explosiveness of fire-damp.. | Furnace, ore......-..... Grotto of health . . ...-.. 446 Illinois building......... 
Discoveries, Ezyptian.......... 259 Elcctro-magneto photography .. Exports revival................ Furnace, iron, explosion in. Grounds, map of............ ..*344 | Illumination, e 
Discovery in Florida. ....-.. 171 Eleetro-plating for techni. uses. oS Exposition, French, of 1878, 342, 624, Furnaces, hydrocarbon. . - *125 | Guano adulteration celine 15 | Illustrations ..... *5a2 
Discovery of gallium.... ...... #427 Electrolysis of aromatic subs. . 108 | *726, 738 | Furniture, etc., judges of - 463 | Guano from sewaye............ 590 | Illustrations, mech. draw. for... *228 
Discovery of nebule.. 699 Electrometer, Rhe....... Fi .*456 | Extent of exhibits ............. 306 | Furniture ................ - 686 | Guarana.... ante deay diemtate 557 | Imitations of Chi. & Jap. b'rzes 442 
Disease,intracranial, deafness as 781 Electrostatic induction 46 | Exraction, sylphur.........115, 594 | Fuses, simultaneous ignition. #352 | Immigrants, Chinese......... 421 
Disease, bacteria cause of... .. 46 Electrotypes, conduct. for. 807 | Extractor ted new #456 | Fuses, electric............ 406 | Gun, Krupp, “unloauing. .......*361 | Immigrants, stee!- 596 
Disease and nationality... *440 Eye-strain, headaches . 508 | G | Gun-muking..... ........ *269, Impe rial ce 
Disease propagated by birds.. 99 Elevator in dwellings. . ..*156 | Eye- -powers 780 | Gun, 81-ton....... _.. .55, 251 Impregnation of boa 
Disease and sewer grades : 194 Elevator, gigantic...... ....*739 | Eye-pieces, telescope..... “#101 Galileo's telescope .... ....... *743 | Gun, 81-ton, how made. ... *760 Impressions of leaves.... ...... 
Disintectants on low organ. ... 235 Elevator, water................. 805 | Gallery, art........ *18, Gun, 81-ton, trials..... 759 | Imprints of plants......... .... 405 
Di-integrator............ #240 Ellipsograpb ................... 689 | Gallium, new metal. Gun. 100-ton..... _.438, *614, *759 | Incrustation, anti, alloys....... 468 
Divining-rod, expert.......... 242 Elliptical gearing... .......... #21 | Fabric, 227 | Gallium... ........... 405, si3 Gun, 38-ton, trials of.... . 501 | Indehble ink .............. 359 
Dock extension....... "4533 813 | Fabrics, tanning............ 617 | Gallium, discovery of ..... ..*427 | Gun, time, Pernambuco........ #326 | Indelible printing ink.. 3 
Deck, Victoria, extension. 724 Embankments of Mississippi.. 211 | Fabrics, linen, deterioration... 905 | Gallium extraction 620, 777 | Gun carriages, Moncrieff... ... *76 | India... 387 
Dock, floating and depositing..*392 Embezzlements, railway... ... 804 | Fabrics, judges of, at Exhibition 468 | Gallium reactions.............. 796 | Gunboats, Am. and German... 71 | india, cholera in... .... ....... 335 ie 
Docking, dry, new system..... 1 Embossing machine... ..... ..*229 | Fac- simile telegraph.. ...*302, 429 | Galloway boilers ... -*449 | Gunnery trials....... .......... 242 India, ee EEA 1 
. 656 Embryonic stages.............. 215 | Fairlie locomotive.............. Gulvanic¢ deposition of bismuth 44 Gunpowder action on gun. .... 251 | India, West ........ 358 ade 
Docks . 712. Emperor of Brazil....._...... 325 Faraday’s instruments. | Galvanic replacement... .-.... 342 | Gunpowder manuf., dogwood i in 203 Indian dwellings .. ........... 450 
Dovks, N. ¥., QOW....... *364 Empire Transportation Co.. 737 | Fare-register............. Guns, rifling heavy............. 410 Indiana building............... 
Dogs, 373 Employés, R.R., injunctions to. Farm weeds.. 524, *6283 Guns, horse-power of. .... 541 Indiana 
Dogs 1 Emulsion, gelatino- bromide ... 300 | Farm-horses, fee Gymnastic exercises........ 701 + Indicator, ™ *39 
Dogs, ——— Emu!sion photo plates. iS | Farming, heroic Indicator, tidal registering... ..*48 a 
Dogwood . Emulsion plates........ Farming to make pay.......... | Galvanising H Indigo 
Dum Pedro. ........ Emulsions.................. aa Fast Railroad time........ 436 | Galveston harbor improvement 480 | Hail formation.... .. .... .... 23 | Indigo, fixation ............. .. 391 
Enamel, photographs on........ 765 | Fat destructive to iron..... ... 760 | Gas 168 | Indigo substitute............... 144 
Dvoor-clerks, mechanical ....... Enamelling metal ........... Fatigue, phy 109 | improved. . 558 | Hairs, transplantation of. ...... 469 | Indigo from vats... ........... 391 
Dove-tail joints, strength of....*524 | Eugine, compound ... .. mee Fauna, peat .. Vg Gas engine.............. Haithao for dressing cotton.... 135 | Induction .... 199, 568 { 
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Magnets, improved electro... 367 | Mines, explosions in.... ...... 390 | 
Magnets, internal constitution.. 342 | Mines, fires in iron............. 266, 
Maguets, Seer 568 | Mines, iron, ventilation of .... 107 
Maguiflcence, Roman........... 7783 | Mines, outbursts of 
Main Building. . .260, *372, *385, 436 | Mines, sait, of Nevada......... 3y9 


Main Building, inter. view.*815, 818 


Makaroff mats, trial of 
Malt, composition of 

Malt sugar, prep.and use 298, 
Malt sugar 
Mamertine prison, ‘Rome .. 
Mammals 
Man, traces of. . 


| Manchester, a proposed seaport 116 


Mangavese in iron..... 
Manganese bronze. . aad 
Manganese, ozone from... 
Man's antiqguity.. 

Mautel design. ... 
Manufacture of metal Tings. 


Manuf. and U.8 


Manure, raw ae 


Marble 5, Mexican 
Marine animals, curious... 
Marine propulsion 
Marine steam engineering... 
Marine engine 

Marine phosphorescence .. 
Maritime use of 
Marriage of cousins 


Mines, Temescal tin..... ... 262] 
Mining and working jet........ 653 
209 Mining, hydraulic.............. 757 
343, 393 Mining, judges of, at Ex.. . 68) 
S805 
.... 330 Mining, copper, mach., Austral. 269 
“ 700 Mining machinery............. 276 
Wi Mining pump, *353 
Mining quic silver 
258 | Miocene formations............ 700 
907 | Mirage in North Carolina...... 159 | 
615 Mississippi, alluv. basin of .*162,*211 
776 Mississippi jetty works. . 
....*814 | Mississippi jetties.... .... $435, Suz 
.*440 Mississippi building 
658 Modern yacht, the........ . 410 
.. 203 
..*84 | Moncrieff gun-carriages... ... *76 
.... 31 | Money, Chinese 493 
105 Monitor, turret 
.... 401 | Monnier process . 
*368 Monument, Standish. . 
356 | Moon, effect on earth's magnet. 258 
Moon», Jupiter, and Mars..... 155 
669 Mordant, sulphur as. 


| 
New Caledonia, flora of........ 4 
New Guinea weapons....... .. 405 | 
New Guinea & Admiralty Isls. *256 | 
New Hampshire. #244 | 
New Inlet,Cape Fear Riv., = 
New Jersey esse 
New South Wales . 


Plastering, new system 
Plate, dry, processes, ee in 161 
Plates, armor “a . 418 
Plates, machines for........ 
Plates, circular, beveliing. 
Plates, preparation of dry 
358 | Plating, electro, with bismuth.. 


Pav ement rammer, steam 
Pavements, street... 

Pavilion, lawn 


Pavilion. Judges 


Pavilion, Women x Exhibit 44 


3 | New York..... Ra SEARS 306 | Plating, electro, for technic. use 626 
New York & Cana | Peanuts vs. olives.... ......... 746 | Platinum, magnetic. 

New Zealand | Pearls, 156 | Platinum adulteration... 
| New Zealand, geyser im ....... 962 | Pears, large......... .......... 111 | Platinum and iridium. 
| New Zealand telegraph........ Peat flora, fauna. . 405 | Pleasure and pain............. 
Newspaper exhibition......... *180 | Pedestrianism, British......... 172 | Pliocene formations. . Seale 
Newton's telescope ......... +743 | Pedestrianism and training .... 255 | Plough, snow........... .... .*731 
Niagara air-pump ............. #499 | Pen, pneumatic................ *774 | Plumbago.........-.......... 
Nichols, Pickering & Co. .. 465 | Pendulum, compensating... .. 568 | Pneumatic meth. for hernia.... 469 
Nickel, ‘minerals, uew.......... 940 | Penetration by tree roots......*446 | Pneumatic tubes in N. Y. City. . 41 
Nickel .... ..... 536 | Penn. ae *345, 361 | Pneumatic telegraph... ....... *555 
Nickel de; posits, ‘Spanish... . 569 | Pennsylvania... *148, 626 | Pneumatic tubes............. 
Nickel rocess for... ..... 620 | Pennsylvania State Ex. Build’. *148 | Pneumatic pen........... ... 
Nicke lizing ‘Hghtning- rods..... 48 | Pennsylvania, to pin....... 473 | Pneumatic tramway car....... 728 
Nitrates in water ..... .... 600 | Pennsylvania gas wells. . .. 489 Pneumatic dispatch, Parisian. . *376 
| Nitrates and infusoria. . 601 | Pens, Gillott’s. .... 788) Pneumatic stecring apparatus.. *26 
| Nitric acid . 537 | Peoples, relics of strange *82 | Pneumatictelegraphy .. 
Nitric acid, iodine in... . 587 | Perbromates. . 587 | Pneumatic transport, London. 31 
Nitric-acid vapor, effect of. . 298 | Perception of musical tones.... 259 Poison, arrow .............+.. 793 
Nitro-glycerine. . .. 796) Pere 186 | Poison in wine .. . . 593 
Nitrogen from body. . 342} Percolation and evaporation .. 250 Poisoning, arsenical.. 100, 461 
Nitrogen and alkaline metais... 251 Period, glacial, causes of....... 307 | Poisoning cases ..... oy 
Nitrogen, absorption of..... 621 | Periodic waves................. 501 | Poisonous carpets.............. 565 
Nitrogen & hydrog’n,absorp. of 693 | Persian red ....... ........... 621 Poisonous corn .......... ee 
Nitrogen, absorption of 492 | Persian alphabet.............. = Poisons, division of. Pt) 
Nitrous acid, detect., in waters. 203 | Personality, human............ i. See 142 
Norwalk pump. ‘ *486 | Perspective drawings, a *229 | Polarization................. . 
Norwalk steam- ~engine 409 | Perspective adduction. . . 469  Pole-star’s companions....... 750 
Norwegian Church . Peru, ancient ........... 375 | Poles, climate of............... 171 
Notes, 38, 50, 82, 98, “114, ‘131, 151, 2 | Peruvian remains............ Ti | Polishing, grinding........ 488, *540 
179, 214, 260, 282, 300, 448, 51. | Petrified wood................. 99 Polypus, vinegar from... ..... 616 
*511, *545, 572 | Petroleum, in raw.... 124| Popped corn................... 195 
Notes, Machinery Hall. ....... 370 | Petroleum in blast furnace..... *47 | Population, our present.. 188 
Numerals, origin............. . 405 | Petroleum & coul-dust furnace. *125 Population, our 516 
Numerals, origin of our ....... *66 | Petroleum, illuminat’y gas from *29 Porcelain ... cn . 130 
Nursery fruit trees.............. 500 | Petroleum, New South Wales.. 90 Porcelain, English... Kal 130 
Nutrition of plants......... .. 242 | Petrvleum statistics, U. S....... Porcelain, photographs on..... 765 
| N. & A. Middleton & Co ...... 46 | Petroleum wells, steam in..... Porcelain plate machine. .......*454 
Petroleum deodorization ....... 620 | Portable engine... ........404, *772 
o | Petroleum products, se ) Portage bridge................. 
Observatories ........ 155 | Pharmacy, judges of, at - 468 | Portage viaduct, new . *55 
Observatory, new, at Vi jenna... 155 | Pharmaceutical div. of - 299 Portrait and framew., prod. of.. 270 
Obstruction, of harbor. *381 armaceutical statis., Russian 36 | Portugal......... .. .......... 361 
Ocean telegraphy .............. *145 | Phelps’ new moto printers.... 367 Portuguese salt, manufac. . 
Ocean, anima life 504 | Phenomenon, atmospheric. .... | Post-office.... . 
Ocean steamers................ 7389 | Philadelphia, route, new....... *615 stamps, improved. . 
Ocean, telegraph stations in.... 127 | Philadelphia gas works........ *654 Postal telegraph, British. . ae 
Oceun temperature ............. 504 | Philadelphia public buildings. .*519 | Potash from wool.............. *3808 
Ocean's bottom................ *557 | Philosophical Society, Gl w 274) Potassa, estimation. . . 78 
Ocular estimation, errors of... = Phosphates, constitution 509 
Potato-beetles. app for destroy. *57 
Oil, anthracen, treatment -. ae 3 Phosphite of silver, new .... Potato-growing extraordinary.. 111 
Oil, coal, 08. gas. ......... 275 | Phosphor-bronze wire ropes. . Pottery, judges of, at Ex. ...... 468 
Oil, shale, Scotch. . . 208 | Phosphor bronze........... 756, T6 Poultry y ‘ ere 430 
Oil of we . 683 Phosphor bronze and use....... 718 | Powder fishing 
796 | Phosphorescence, marine. . .. 669) Power, steam, | from sun heat... *108 
796 Phosphorescence, what is t..... 748 | Power, tide-water 
Oil-stones, manufacture of. .... #2983 80 | Power, hydrauli.. .. .......... 453 
Oil-wells, Baku. .......... .. 107 | Photochromic prints........... 553 «Power, horse. 
| Oils, act. of hydric peroxide on. 351 Photo-negat.ves = 
Oils, benzime im................ 434 | Photo-burnishing ....... : Powers of eye ... 730 
Oils destructive to iron......... 760 | Photo-emulsion plates. ...... Precious stones inn Br:zil ...... 510 
Oils, chrono-therm. for Photo-plates, emulsion. ....... 765 Prehistoric drawing . 
Oils destructive of iron. ..... Photo-plate cleaning........... 492 Preporation....... 
Oils, lubricating............ . 263 | Photo-copying. 49 Preparation of cau-tic soca . 304 
Oils, mixed, of.. 112| Photo-camera lenses. . “#749 Preparation of pure anilyne..... 237 
Olbers’ comet. ..... ° . 308 | Photo-plate holder ............ *605 | Preparation of iydrocarbons.... 484 
Olives peanuts ........... | Photo-nega:ives, intensification 615 | Prescription, 230 
Opening of Ex. .262, 321, 338, oo61, Photo paper, sensitive, preserv, = Preservation of grain... . 461 
| Photo. cement............. Preservation of dead. . 
Opening of Machinery Hall.... 338 | Photo. ne: combination. 509 Preserved timber. .............. 226 
Opening, incidents of....... . 339 | Photograph ¢ , *308 Preserving beer, apparatus for.. *57 
Opening, numbers at .......... Photographers” *148 Preserving, jars, new..... 129 
Opening procession........ 338 | Photographic man 
Opening ceremonies... ... *361, *373 enlargemvuts . Press Building, Campbell. 
Ophth *508 Photographic print’ gelatin 492 ' Prevee* herns......... 409 
Opossum, the........ .. ...... 430 | Photographic dry plates. .... . 454 Pr sser........ 499 
Optic thalami, functions....... buckgr'ds. . *768, secs, prinung..... 321, +518, 
Optical disease................. otographic POWEE .. 
Orchil extract manuf. .. ..... 637 | neg., from 258 Prev-ution of frost, artificial... 384 
Orcine, determination of . | Photographic tile 270. Prickly heat, relief 
438 *750, 760 | Photographic researches "942 | Prime movers......... ...- 
{ aa 655 | Photographic use of radiometer 275 | Printing music... ............. 608 
ee Photographic camera, impr. in..*212 | Printing presses.....*518, *719 
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| Register, fare, novel...... 


Schroeder air-«hip, wreck of.. 


Teleg: aphy by -pipes..... 
Telegraphy 


hout wires.. ... 


Telemeters, double-reflecting . “= 


Printing, alizarine . 619 | Railways, effect of............. 598 | Sailing iceboat. . 13 Skin-secrapers, Indian.......... | Steam-engine, new bellows. ..*181 venting seve S27 
Printing from gelatin Eng., locomotives on. 694 St. Gothard tunnel. . . 104, 166, *188, Skin, plasma tubes in. late improve. in, 104  Tea-tree........ 55 
Printing presees at Exhibition. 499 | Railways, *758 | 190, *406, 449 Sled, | Steam-hammer, double pring. *293 ‘leaching, graphic h 103 
Printing machinery... ..: 321. 361, 374 Railways, Russian.. . 455 | Salicylic acid...... - 135, 525 Sleep of plants. . Steam in petroleum-wells......*141 ‘Technical 
Printing Building. Railways, snow on............. 9781 | Salicylic wadding.............. 781 Slide-valve ........ Steam-jacket, spiral.......... «Teeth, 700 
Printing carbon picture-borders 3. Railways, Japanese......... .. *691 | Salicylic acid on bones. ........ 781  Slide-valve cut-off.......... Steam-power ‘from -heat....*108 | Tecth, tin-foil for........ ..... 1 
Printing indelible ....... 335 Railways tr.gilian .... ...... 399 | Salicylic acid, mublimed 651 | Slide-valve, to let...... .. .*198 | Steam pump................. *538 | Telegraph, British postal....... 1 
Prints, romic........ . Railwa:s, runuing, by = Salicylic acid for rheumatism.. 395 Slide-valves, balanced. . . *319 enser without air-p. Telegraph, duplex — ‘mech. 80 
Prison, = , Rome... 259 | Railwa-s -treet. French .. | Salt, wood preservative Slotting and drilliny machine .*248 | Steam U sers’ Associat 678 | Telegraph. fuc-eimile. . 
151 | Rain water cr. stals...... | Suit Luke, outlet of.... Small-pox spread by | Steam, costless... ....... 
Prize cattle .*430 | Raising the - Vanguard eae 425 | Salt exuibits, Portu Smelting, cost of... -.. 8 Steam’ and water joints...... 
Prizes for tree planting 542 | Raising sunken ships......... 803 ot Nev xmithfleld Club. . *64 | Steam street-cars, ore. . 
Prizes, Turner's Co.'s. ..... 421 | Rammer, steam pavement..... "9326 Smithies, steam-blower for... .*616 | 00 565 
Prizes for improvements. ....... . 673 | Rams, hydraulic ............... 239 | Salts’ of biliary acids. . Smithsonian Institution........ 719 | Steam-hammer. . . ., - 9529, *626 | Te ‘Jegraph, quadruplex 4 
be, new electric ............ *456 | Range, long, riile-shooting..... 79 | Salylicacid. 782 | Steam boilers. ........... *103,* 788 | Telegraph, running railways 101 
Proceedings of French societies. 434 725 | Sand and gravel driers, new... “10 Smoke from boilers, preventing *524 and water joints ..... *647 | Telegraph stations, mid-ocea 
Process, Monnier ............ *771 Reagent, phyliocyanin as....... 395 | Sand, Conne ticut ... .... .... 540) Snake-bites, fatal.............. 469 | Steam by the pound ......... 485 | Telegraph oper., lega! liabilities 14 
Process for treating sewage.... 590 Reapers and mowers, of... 359 | Sapper, steam, in France....... 176 | Snake-taming......... ........ 111 oy -trap.. -secee +s "648 | Telegraph key, double......... *80T 
Products, commercial, of goat... 102 Reapers, tests of............... 680 | Satellite of Venus......... SS |. 174 Steam-yac ht, fastest... .... 758 | Telegraph, magneto-printing... 680 
Profitable farming. ............. 54 Reaping-machine, steam. . .*566 | Satellite, Neptune's Snow, effects of, on stee! rails.. 111 Steam-yacht “Bonita”... ...... 737 Telegraph repeater.... ........ 
Profits of Exposition .......... 306 | Saturn. Snow-ploughs on Cen. Pac. *119 | Steamer, new................ = | Telexraph Co., Western Union. 756 
Profits, where go......... ..... 452 ecender, astronomical time. . .*204 | Saturn and Uranus | Snow-slide, frightful. . 335 | Steamer “ Shah”’............. Telegraph cables cut by saw-fish 781 
Programme for opening. . 321 Recovering coioring a. . 84 w sharpener, new Snow-water crystals........ "#427 | Steamer, disabled, how repaired®41 Telegraph, magneto-electric.... 441 
Progress, railways and.. . 621 | Saw, Snow-crystals, artific. produc. *525 | Steamers, Cupard............ 42 Telegraph’ »neumatic 
Progress of aeronautics. 792 621 | Saw-fish, cables cut rent hutendoounds 731 | Snow on lways wR poe *731 | Steamers, turning of. *76t 
Progress, Pilgrim's, new. 66 | Red’ spider and thrips, rem. for 110 | Saw-mills. . 560 | Societies, Proceepines or: 15, | Steamers, ocean. .... 789 
656 | Reducing steel, etc........ Saws, band. . 370 | 30, 38, 51, 70, 86, 143, 167, 174, | Steaming, Atlantic. 75 
Propagation of brook-trout. . 460 | Reduction of iron ores......... 139 | Saws, Japanese . ©3887 | 198, 215, 274, 294, 300, 680 | Steel ry le..... 768 
Propagation of ae onde birds. | = Reduction of ores, Fryer’ 8 proc. *172 | Saxon lady's grave .. 141, Academy of Nat. Sc., Phila. ere Steel, Swedish......... . 385 
Propeller, screw. Seales, spec. grav.. improved | Academy of Sciences, French, 4 | Steel hawsers vs. . Telegraphic instruments....... 
Propeller, | Reed-making machine, new.... *34 | Scandinavian Society. Mpritish 179 99, 119, 299, 342, 354, 315 | Steel, Sheffield... . *628 | Telegraphing, cable, remark... 251 
Propeller in nature. .... _ 288 | Reefs and islands, coral........ 151 | Schneider, Eugene............. 6| Academy of Sc., N. Y. 30, 91, 374 | Steel manufacture........... *573 | Te plegrephing by at auroral current 106 
Propeller, screw, trials. .. 48 | Refractors vs. reflectors... . 492 | School hygiene.... . .. 146| Anthropologic. Inst. Lond.15 153 Steel-makin 596 | Telegraphs, first electric....... 
Propeller, Wilson's screw. *2/ Refrigerating railway car...... #276 | School, Moscow technical. ... .. *721 Archeological Society, Rome, 167 Steel trap, ventures of. 462 | Telegraphy, ocean........ 
Propellers, new combination vf. 190 | Regatta, international rowing.. 18 | Schools, science in............. 493, Astron. Soc., Roy. 70, 143, 198, 204 | Steel railway cars.......... . 3#596 Telegraphy, a... ch 
7| Chem. Soc., Lond. 30, 38, 167, 215, | Steel rails.................... 517 | Telegrap! - 
678 
415 
738 
. *628 


Puddling furnace, new . 
Puddling furnace, mechanical. 
Pulley, self-stopping 


*415 Relics of strange peoples. . 
Pump, centrifugal, and engine 


+358 Relics... 
Relics, American ‘Indian. 


..*524 | Relies discovered in Florida. - 
 oa08 Relics of pigmies in Tennessee ae 


Propellers, power and veloc. of. *239 

Propellers, raising........ ....*314 | Register, ti #48 | Science ........ 11, 175 i314, 537 | Steel and iron manufacture .... 

Propellers, screw. *G1, *250 | Register, electrical visitors’.321,*388 | Science in schools.............. 4 Cornell Nat. Hist. Society 805 | Steel tires at Ex .......... . 

Proportions of engines . 40 | Registering thermometer......*125 | Science notes .. ... 342, 354; Entomological Society... 118 | Steel pens......... 

Propulsion, marine.... . 190 | Registering thermometer, impr.*156 | Sciences, French ‘Acad. of. See Geogr. Soc., Royal. .15, 70, us 215 | Steel and iron tests . 

Propulsion of canal-bo.uis, hupe. *s9 | Registration, Brit., trade-marks 142 Academy. | Geo phical Society, N. Y 70 | Steel bloomery, Catalan. 

a. oesbecce 146 | Regulator for Leyden jar caus 71 | Scientific eeermente, coll. of, =) Geological Soc., Royal ....255, 204 | Steel andironat Ex ... 

709 Regulator, new. 520, 568, *699. Institution of Civil Engin. 295 | 

Philadelpuia *519 1x7 | Scientific men from abroad 534 [nstitution of Engineers | Stes 

Publisher's card. . 6 Relic... | Scientist, remarkable........... 59 | Shipbuilders, Scotland... Steel and by Knowles’ proc. 
wool | Linnean Society.............. Steel and iron from ore...... 


Literary and Puilosoph. Soc... 
Mathematical Soc., London.. 70 
Medical Journal Assoc., N.Y. 179 | Steel-headed 


| Serew, double, tug .. 
*32 | Screw propeller trials 
. 656 | Screw may natural.. ... 
*522 | Screw propeller, Wilson’s...... 


58 
*378 


51 | Steel and iron, new process a4 1389 
| Steel, comparing | hardness of.. 


46 


Microscopical Society, Royal. 391 | Steel, imp. fare. tempering. *197 


7 
Telesc., Gulileo’s and Newton's*743 
Telescopes, impr. eye 08m for*101 
Telescopes, re wer 0 


Temperature, atmospheric... . 


Temperature, low. of animals 
‘Temperature and 


magnetiz. 299, 


Temperature, St.Gothard tunnel 190 


Pump, min improved. ... 
Pump,  oanbiee vacuum, use of, oa Relishing machine. . *580 | Screw propellers. .*61, Musical Assoc....51, 198, 274, 390 | Steel in construction. ....... 188 | Temperature regulator, new. 
Pump annex .. .. 310, *687 | Remedy, spinal curvature . ...+. 731 | Screw prop., wer & velocity’. "239 Philosophical Soc., Glasgow.” 274 Steel, magnetisin of . 44) Temperature by freezir .. 106 
Pump, double-acting steam . ..*538 Repeater, telegraph........ .. *ia2 | Screw propel ers, ruising....... *314 yt Physical Soc., London : , 71, 148, | Steel, manufacture of . 323 | Temperature of solidification. . : 
Pump, *236 | Screw-cutting............. .... | ‘ 899 | Temperature, earth’s.... ... 
Pump, horse power. . .*605 Reptiles and birds... ./....... CO a 0488 | Royal Society.............. 19, 119 | Stee! rails, cost and durabil. of.. 172 Temperature and magnetization bo 
Pump, vacuum & engine ‘comb. *483 | Repulsion from radiation . 847 | Screw, song of..... ........... 433 | Royal Institution......... ... 179 | Steel, *396 | Temperature of earth's 508 
Pumping engines.......... *232, Resistance of railroad trains... 436 | Screw, Collins-Brown. . -*42%6 | Scandinavian Society, British . 252 | Temperature, ocean... 
Pumping-engines, new. — Resistance EEE 520 | Screwing and tapping machine.*165 | Social Science Assoc., Am.86 Steering apparatns........... *26 | Temperatare, underground. 781 
Pumping mach. at Ital. shes. *136 e of metals 227 | Screws, twin, engine for, impr. Society of Bib. Archeology 51, Steering- improved. .*196 | Temperature and veget. growth = 
Pumping machinery, new...... 196 | Resistance of mov'’g conductors 302 | Scroll eaw........ ....-..-.-..- Society of Arts, Scottish. Stellar spectra............... 354 | Tempering springs 
Pumping-engine ...... .*647 Resistance of ships. See Theory Sea-bottom “18 4 Sociéty of Civil Eng. at Fair. Pr Stenography................. 115 Tempering steel, imp. fur. for. ose 
Pumping-engine, improved — . 9292 of stream lines, etc. Sea-urchins ........ 504 Society of Civil Engin. . .. 419, 436 | Stevens Institute............ *704 | Terminus, R.R., at grounds, 60,*345, 
engine direct-acting. *164 | Resonance, imparting, to 246 society of Antiquaries.. .... 557 | Stone seers, diamond. . . 107} 361 
Zine | Respiration of animals... . Sea, Caspian. .... . 891] Seocety of Engineers... 51 | Stones, oil, manufacture of....*293 | Termites ................... 
orks. . *502 Respiration of frogs .. Sea, depth of 322 Society of Telegraph Eng.. .62, 66 | Storm, pecul ksaeees oe 299 | Terra cotta for churches. 
Pumping- engines #232, 370 Restaurant, American. . Seu-stars....... | Zoological Society. . 204 | Siorm on grounds 130 | | Tertiary formation......... 
Pumping-engines for Huil..... *266 Restaurant, Southern.......... *307 | Sea-serpent. ..... .17 Socicties, Congress of Sci.. ... 434 | Stove, hot-blast ‘oni | Tertiary lake basin, new. me 
Pumping-engines, etc., at Ex. .*232 Results of the Exhibition. 820 | Sea telegraphy.......... | Soda, Colorado............ Strawbe: 725 | Test, safety-vaive.............. 
Pumping-engines, ( ‘ornish. 87, 305 Retina, powers of. . .....-. 5656 | Seal 187 | Soda, hyposulphite... . ....... Street-cars, spring-propelled .. .*757 | Test’ Bu 
Pumping-engines, Phil. waterw. *706 Retort settings ......... *348, *678 | Seals and sea-lioks, mand. ag’t 27 Soda, preparation of. .... .. 894 | Street-car condenser. ........ #488 | Testing andw 
Pumps, improved rotary....... *182 Retort, gas machine, new. *2 | Seating boiler and casing. . *632 Sodic chloride in ulcers........ 507 | Street-car, mew. . .......... Testing car wheels. . .. 

Punching press.............+++ *529 Retting, chem.,of flax, hemp, etc. 135 | Seeds germinating in ice....... 776 | Sodium tartrate, effervescing . 409 | Street-car, steam........ snes Testing gas in Edinburgh. baseee r7 
Purifier, middlings. . . ...*431  Reuleaux, Prof. F., to.. 564 | Segment, area of, to find. . 322 | Svil-pipes and 194 | Street pavements........ ... 617 | Testing oils, chrono-ther. for. .*181 
Purple, impr., for making linen. 258 Revolver, infant.. .... 111 | Seismagraph . as .*#46 | Solar atmosphere. . . 206 | Street-cars, steam............ 438 | Tests for mixed oils............ 112 
Purple, methylaniline, on cloth. 135 Revolver, cannon. -*735 | Selection, natural... . 629 | Solar eee 206 | Street pavement........ .. ... 593 | Tests, iron and steel. . 
621 | Reward, 95000.... ............. 804 | Selenions acid.... ............ 568 | Solar energy, estimate of...... 7 | Street-car, spring-p Textile industry, sodic silicate in 91 
Putre faction and fermentation.. 22 | Rhe-electrometer.... ......... #456 | Selenium, action of light on.... 222 | Solar isothermals........ ..... 199 | Street-car, compre an 729 | Textile manufactur. at Lowell. 174 
Putrefaction of eggs.......... 76 Rheostat,Grove’s . ....... .. *574 | Selenium, light and heat on. 354 | S lar radiation rec. we earth... *207 | Street-cars, stcam, ot - Textile watering, improved.... 258 
Puzzle, square................. *223  Rhe vumatism, cerebr. chloral for 58 | Selenium, 375 | Solar spots veiled. .. Textile fabrics, tanning. ...... 617 
*736 | Rheumatism, salicylic acid for. 395 | Semolina........... Solar spectrum 93 | Street-car, steam, new....... | of silk, improved...... 185 
Pygmy graveyard in Tennessee. 259 Rhodeine....... ... 568, 687 | Sensitized photo-pap., eserv’ g 303 Sular spots..................... j | Street, London, new 225 | Thames, drawbridge prop. for. *280 
Pyramid, 776 Rhododendron. . . 682 | Separat’n of arsenic mene! 434 | Solar photographs 492 | Strength, muscular....... 11} | Thames tunnel, proposed...... 242 

Py rheliometer, new. . 334 Rickiny, hay apparatus. .*128 | Serpent, sea...... 177 | Solar spectrum. Strength and form... ....... 660 | Thawing frozen water-pipes.... *2 
Pyrites, gold in... Rider fife-raf "#529 | Servia, resources of. . ...+. 612 | Soldering *318 | Strength of boiler fitting- blocks 802 | Theodolite, first mining...... .. *728 
Pyrometer, new Rider engines.... ............. *768 | Sewage, guano from. . 590 | Solubility of ‘salicylic acid. . 445 | Stress, shrinkage in casting.... 540 | Theory of stream lines applied 
Pyrotechny sr Riding, bicycle... . ........... 128 | Sewer grades and disease . 194 | Solutions, cupreous, treating... 279 | Stress, set of bars after....... to ships.*45, *5¥, *79, *81, *126 

| Rifle-making. . , *886 | Sewerage discharge into .. 536 | Sound, photo, ae 615 | Strontium... . - 553 Thermal equiva). of Magnetism. 28 
a | Rifle long-range 79 | Sewerage at Boston ........ ... 108 | Sound attractions........... .. 654 | Submarine tunnel, proposed... Thermic researches. ..... 
yuarries, marble, of area. - 105 | Rifies, military .......... .... 74 | Sewerage of Brighton .......... *43 | Sound and light............... . &8 | Submarine tunnels, plan for .. “salt Thermo-electric bet 

ueens, introducing . . Rifling heav 410 | Sewing machines .. 388 Sound telegraph ..... ........ 765 | Submarine foundations ...... Thermo-electricity........ 
Queensland ............... 358 Rings, double fin yer 686 | Sewing-machine 60.5454, 47 | Substitute for gold.......... Thermometer for testi 
Quereite, iodohydric acid on... 421 | Rings, vortex smoke........... 782 | Shaft, steamer’s. . ... 415 | Sounding, new instrument for. *868 | Sub-Wealden e xplo., close of.. Thermometer, improv: 

Quick G17 | Rings, metal.... ...........-.. *440 | Shafting, cold rolied ......... 419 | Soundings, deep-sea...... ..... | Subway, Woolwich.......... 724 | Thermometer, max. and min... 
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